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NERVA MASS PROPERTIES
COMPUTER METHODCLOGY

I. INTRODUCTION

This report documents the computer codes that were used for the weight,
center of gravity, (C.G.), and mass moment of inertia calculations and documenta-
tion for the NERVA. The report covers Programs E15301, for basic weights calcu-

lations and 12001B, used primarily for summation and documentation.

IY. SUMMARY /CONCLUSTONS

The two programs, E15301 and 12001B, are the basic tools used for weights
work on the NERVA program. Used in conjunction with one another, they allow
for rapid weights estimates for new concepts or changes while allowing for ordeuly

documentaticn, which is a necessity in any effective weights effort.

Program E15301 requires that each compoueni be resolved into a ccllection
of standard shapes. Separate subroutines then process geometric and material
denadity datrn far each entry. The maeter nragram then performz 211 caleulationsg
necessary to combine these results into a total weight, C.G. and moment of inertia
for the component. The program js the same as the program COSMIC 400. The pnrogcam

was operational on the 1108 computer at the termination of the NERVA prcgram.

Program 120018 is an Aerojet developed program. The program accepts pre-
viously calculated weight and C.G. data for individual components. The program
sume weights and calculates center of gravities and moments of inertia for systems
of up to four levels of assemblies. The output identifies the engine parts in a
format usable directly in a formal report. The program has the option of record-
ing the history of part end weight changes. The current ANSC version is for an

IBM 360 computer. !

I1I. TECHNICAL DISCUSSION '

The rapid and numerous design concepts generated during the study of the
NERVA placed a heavy burden on personnel responsible for weights analysis and
weights control. The work was accomplished in an expeditious and efficient manner

by using computer codes for routine calculations and for orderly documentation.
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Computer Code E15301 is the basic tool for the initial calculation of
weights data for a component. The general plan of the code requires that each
component be resolved into a collection of standard shapes and that the minimum
numbe; of dimensional parameters defining each be submitted as input data. Only
a single punched card is required for each geometric shape. Separate subroutines
then process the data for each geometric shape resulting in the weight, C.G., and
three moments of inertia for each. The main program then combines the results

into a total weight package for the component.

There are 37 different geometric shapes currently in the program. They
include (1) solids of revolution symmetrical about two principal axes; (2) solids
of revolution symmetric about one axis; and (3) shapes which are not solids of
revolutions such as rectangular prisms and wedges. Provision is also made for

inclusion of independently produced formula for nonstandard shapes.

The program output is a columnized list of the weight, C.G., and moment
of inertia for each geometric shape by defined number. The data from all the
geometric shapes associated with one component are also combined. A typical input/

output is included as Appendix A.

The original program was produced by North American Rockwell. It was ob-

tained through COSMIC under the identification number 400.

Program 12001B was written to sum weights, and calculate centers of
gravity and moments of inertia for a system comprised of major assemblies, assem-
blies, sub-assemblies and parts. The individual weights calculations must have
been made previously. Each part name is printed along with its appropriate
weight information. Summations can be made at each of the assembly levels listed
above. The percent of the weight estimated, calculated and actual is included in
the format. Breakout between gimbaled and non-gimbaled componeﬁts can also be

-made,

The data are presented in a format usable directly in a formal report.
The computer output sheets are used as documentation for the detailed engine
welghts. They serve in this manner as a working history of weight changes dur-

ing engine development. Appendix D is a sample ocutput sheet.

2
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The program listings and Users' Manuals are included as Appendices B and
prog g 3

C, and E and F, for Programs E15301 and 12001B, respectively.

Additional weights calculations were performed by hand or by use of
calculation formula set-up on the General Electric teletype time share computer.
These calculations are special in nature and of limited application and are not

documented.
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PROGRAM E15301
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4025 .20 1 8,7% o0 0%
S 1.1 w21y (13 NS U 'Y N TY & W43
2111 2 63 .29 1 5.2 U8 “s75
) 3 1,75 o
2111 ) 2416 29, 1 Q8e36_ 75 .
1.1 1.08
1 13 2438 +29 1 7.88 7.18
1100 4 44 «29 -1 4.5 4S5 3% __1.095
1103 4,3 29 -y 5.8 Ge9 %455 o3
1 1t 3.75 29 1 7.88 7418 ° 1.05
J__1.9 4.8 «29 1 7468 _3.45 1.
1 16 5.95 «29 1 Se7 37 o8
" 1109 6 5.75 29 -t Se7 525 5.0 48 )
1..1.6 94,95 229 1 7039 5¢15 . 1428
. 1108 7 7.2 18 -1 749 Tel  5.85 62
1 27 7.0 29 8425 o5 37 "
118 7.68 «29 1 5.8 _ 2.0 o3
2110 8 7.22 29 1 5473 5.4 Y
« ' .
1108 8 7.8 129 -1 Ts5 705 _-5.73 .6
} 2111 8 7.2 «15 [ 7.9 7.05 2
. . . «b . .
H 1oelg 7.8 229 1 7.85 7.8 2.0 .55
b 211114 78 «18 1 8e1 Teb -2
1 VTR .52
211110 7.7 «29 1 8.2 8.0 .15
i vis o7
110812 8.35 .29 1 6,9 3.8 2.0 .55
211112 8,35 32 1 7.9 7.0 -6
575 .55
‘ 211112 8435 29 1 8415 7.9 -6
«25 +«55
110313 8.9 29 T 37 2.8 2.0 68
; 211113 8.9 12 1 7«3 3.5 ~3.3
: o3 64
21IN3 8.5 <25 ) 765 T35 1.5
i 2. <64
- 110814 9.55 +29 1 2.8 2.35 -7
2iT1T, 955 29 1 S.85 3.95 -9
,. v 147 o7 .
- 110915 11.0 +29 -1 5405 3.5 3,15 .72 :
TITAIS 11°70 V29 L S ELR 5405 5.05 o8
N 1 e 11.2 v29 1 5.5 3.7 45
- 1 il 11,35 +29 1 8,15 5.5 .78
17217 11.55 ~ V29 1 9v8 1.6 1.45
r -1 118 12.60 .29 1 8+1  5.95 "6
. 1 119 13.15 .29 1 7.7 2.8 «55
1120 14,2 V29 T 38 2015 1.3
. 110820 13.4 .29 1 3,7 2497 2.9 1.3
> 1 120 14,25 .29 1 7+6 515 1.5
T 120 Tie +29 )y T B.95 7.6 o
. 1 12t 15.25 i29 1 2.9 2.15 o653 .
~ 1121 15.25 .29 1 7.6 5.15 <63
Ti6922 15755 V29 I 2.97 2,05 t.a 1.2
I 1 te2. 16,1 029 L1 6435 6405 1.2
~ 1 123 17,1 +29 1 2.9 1.85 o7
211123 18,72 V29 1 8¢6 6.0 «1.65
- 1.9 o7 .
N 1123 16.8 +29 1 13.0 8.4 .15
17123 1752 V29 1 13,0 12.55 +55
7. 1 -124 18.2 .29 1 249 771,95 . 1.5
211024 13,1 +29 1 3.5 2.9 .9
1.55 9
- 211124 17.45 .29 1 5.55 S.05 ~1.5
- . 1.5
1 124 18.2 v29 1 13.0 12,85 1.55
1 126 19.7 .29 .3 3.5 2. 1.8
1126 19.45 .29 1 4,2 U, 8
-1 12 13.3 .29 1 7.0 5.1 143
1 1 126 19.6 .29 1 13.0 12.85 1. .
- 1 128 22.15 .29 1 5.75_ 5.3 3.3
211128 20.0 29 1 7.0 6.5 1.8
o 3 1.7
1128 20.6 .29 1 13.0__ 8.8 «15
. 1 120 20,75 .29 1 1300 12,85 1.5
I's 1 129 24.8 .29 1 441 1.25 25
1129 2u.4 .29 1 3.15__ 2.4 .S
1 129 245 .29 1 4,15 3.15 «25
¢ 1 129 24,0 .29 1, 4,2 8,0 .8
1- 129 2.1 $29 1 7.05__5.0 1.6
1 130 2u.8 .29 1 .2 «0 2.2
I 1 13 21,35 .29 1 o3 o0 .75
113 26.2 .29 1 S .0 1.5
1 130 25.3 029 i .5 o3 o5
3 1 13 23,42 .29 1 P I | 2.9
1130 26,0 «29 1 o7 5. 5
3 1 130 25.8 029° 1 3.5 o7 : o3
1. 110730 25.7 .29 1 3.8 1. 9 Ne1S
{ 110630 ___ 24.9 k29 _ A 8.05_ 3.8 _35. 8 _
H - 1 130 27.4 .29 1 Se2 S Se
3: 1131 32,3 029 1 a5 .0 4.8
111 35.5. .29 1 oS .0 1.75
] 177131 32,3 .29 1 Y I 3.8
w : :g: 3643 .29 1’ 53 .0 o2
= s 29 % L8y | Sal 6.y _ _
T 12 36.7% W29 1 1.0 0.0 .7 —
¢ 1 132 314 .29 1 o2 .0 1.0
1132 sr.s $29 1 1. .5 L
713 31.9 29 T { 68 T s TTTTT T,y T
¢ o 13¢ 308,395 .29 ] 65 40 Y ]

R R i T Dt T TSP )
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Input




I IELS RN \'F’A‘ 12=-28=-70 wrnm'ENK‘
— §E SULTS = INDYVIDUAL ERTRIES
R LE16MT YAAR ¥BAR 78RR NELTAY  DELTA X DPFLTA 7
1 1 L10Z27791T4 0L .00 .07 §000.n0 . 57076016401 L 11591775+02 TLUR727601A+01
1 1 SB2oNr20L40] <00 .21 5000.00 LT7182720402 C150183274073 « 77152722402
e Z MIL L aTERYL1LT7s0L .00 L34 .60 LTTHENNB0402_  L1516134140% __ .77640u%4n2 o
3 111 Lo 70Uk 7G5 UL S (10 2.73 .00 «SARTRE0H 02 21119466403 LBRH15500407 Typica'l Output for
2 H COGLBLNGSH 0L .00 2.38 .00 L28450315403 2567585704073 .2mr~°’s15+0§}— the Two Bay 3 Entries
& 1el DG EUEALO+L . G0 _3.00 .00 LA10N020N0 N2 16209820407 L23ATTSIATHAS T
- iU S1G1E8272T4UL « 00 4,00 .00 .1R071334 202 37928302402 211355727403
4 1 SADEPaRZNES2 00 3.79 .00 L PATHRALS 03 573043254073 S2ATHANISANG
5 1 .-D/z.'._"_‘5_']_{_)' . 01 4,0 .00 LARATHLAT03 $1691R62U+0 SPIOTHIATH0TR
E)_ 1 COGRYIINGHAL)Y OUJ 5.95 030 .701ﬂ(‘2ﬂq 02 «15721930/7+03% -701"‘”'\"”*‘0?
5 105 L2T1GT02GHUY .00 5,09 .00 i LERT IR P s 79TRE32T+0P f 211 3NRT6HNT )
5 1 CPULUPAYT YR W06 - 5,05 . .00 SIGLHAG3] N3 . 10AU20A1+ON PLELTELETFLE
7 105 W77 15T0T70d ) 6.57 .00 LT7ARHOTHEN -0 LIS HENE DR «55907A27403 &
7 2 LBIG1 20724 6L ik 7.00 .00 JARTNALE0I03 «1RINALS]+0 103061874073 A
3 1 i Topalidny <010 7. t,n .0N 870803702 s 118018607403 « 57050779402 R
9 iy 1nlliusdtul .00 7.59 Ten0 L 23559038+02 47135662402 23530030402 =
3 1Ug 10U O ILR +00 7.52 .00 2TRBN01A 03 SHTPU2614403 76870521403 ©
5 112 2 3231045A1 UL .00 7,49/ .00 LORIPANES )2 S1RANADPH4NT cONLPARAREND o)
R PR ESH LT HE .00 B.67 .00 CANBLTTA 03 .e80n1nQL+0% CHASANGR24NS e
13 1li W3uTETRGO4 Y <0 8407 NN S1N3472121403 20668210403 «103n2121403 o
NS R 3 R RNA CAGLIN 50 8,03 ) LSROARTTTINZ L 11A0LANSHQ0T <SANOATTTHN? o 3
127 100 LleTaoe «00 8.57 .00 LU1APRARTHES . 23599370+073 LPUNRTTNAHNS ]
12 11: JTSULES .60 8.57 .00 L1HN16925+03 L280N112A403 . 16016026403 S S
12 13l ‘i 3 .0 .62 .00 <5726G01R9102  J11ST0PRS403 57900180402
R K : N 3017 .09 CHEATRINGENZT T 420110055407 JAN1AANAT4NR E g
13 i1 ) y.12 .00 A2NIDLANE02 12379903403 2012170402 =
13 111 00 9.28 .00 LABURRTAL NS L 3NR0NSAT+N3 SISN2STARHND NI
—rq 1G4S ) G A ' N0 L7PRANG 230 Y L LG233uA1+02T LG8 TANNS4N2 > B
15 111 -G0 9,34 .00 L110650776103 . 22033515403 <1105R775403 S S
15 109 <60 10.63 D! CAKQLGNIE 0D 173001590403 $210755A24N03 [
B w07 107877 7 L00” LBTRRGEHT A2 L 11586007203 L 2RUAONTLENT §‘
in 1 <G 11.20 -00 LTHARORZ294 +A2 «14NR18GLES+03 STLENIPANEND 17
1= 1 .00 11.35 .0 LAHPDTNATTIGS 12024970400 CRDZSINT TN
i7 P LonTT T es .00 SIRNTPRZT 0N < 25846350 +04 120727374004 ;
13 1 ) 12.60 .00 SATTRRARN 0D 83300053403 SHITHRAAL4ND o
17 )] 00 15,15 _s0D L NTARNGAGENS -87741‘“(1’1%0’5 CGAGNNRARENT =
z3 i 00 15,207 o0 Lino571064602 L ROPZNAGIA NG TLin2n7186402°0 )
2u lus 00 13.R% .0n L1A01NH03102 «331270812¢02 CJTRENTPNT4AD =
ozt 1 .00 14,25 .20 L20THNOADENT 17780470400 LONTUAALOHNAT &
TR .00 14,60 w00 56211777603 .1122&«3& S0 WEA211777403 T
3 1 21730 u7s+c 00 15.25 L00 L, L T7IS4T75u5E0] S1H1ART2G5402 CTISUTAUSENY
21 1 S1TGEVLER402 3] 15.25 .00 Z3TRARTSTGH03 +7558H543+07F SATARTRTEANS
¢2 UG I7HTa0F0L .ca 1 <00 C1AtAN3LAA Tl 21002045405 T H0AAn a4 02 T T
z2 1 AT UL .00 .00 LTHT7OLLIS1E0? L 15A126273407, L70701151402
22 1 <3100744n+01 <00 .00 L GRTA021 140} 218R1R0A1+N2 s ORZACD1T 4NN
25 111 L1928 1584402 o0 17, 04 .00 RAT S NPTk CRACQANNAR4NZ LLLSTAUASENS T
#3 1 SI3LLA TGOl .00 16.R0 - .00 LARSTAOR1H03 . 16113802+00 L2NS7NART140TS
23 1 .1'=qo~'""3+01 . G0 17.20 ) L162315004+03 . 32450222403 « 16234509403 -
as 1 ' .o 16.20 .00 210148761027 S3ANTATA2H02 S21010070402 U
24 110 L00 18.48 .00 SPPIA55N2002 JU3177167402 $22188802402 7 e i 3
d ;e 11 .09 18.00 N0 WUGESTTARLND «Q1R9ANHA+N2 CHASSITAZEND -
o i LU0 18.20 .00 -."u'rsawé»ac-ibs 01475953503 LL5847620+03 1
5, 1 <00 19,70 <00 SUNURTUSN 02 «85497464+02 SHHLATUSNEN2 w
_zu L .00 15.45 .00 LBANTPABRENT .1172270°+02 «50072888+01
A Y .00 19,20 .00 LSInGRGALF0S .10212201+04 . 51446481+03

)

\




|
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J 26 S3532ALESHCL .00 14,60 .00 .295"2403 .59N16765+03 L2AS37802403
24 “ys““%z47“ At 28,15 00 _ LUDIENLEN3 45715011403 «2u21220040% _
€3 111 QUNNGL(+0Y .0 210.01 00T LANNRDHTAHNS c55T1R7O7+03 SPPNA2RTAR+NTD
- “o 1 .195 Z5EH+02 .00 0,60 .00 LTTNEPONG+03 L15417932+400 77002004403
Z4 1 SBTULLG3THOL .00 20,78 .Ne LHU3AT9ANH03 _  JARS2SIGN+N3 © L Hu3A1930403
PX5S b V27255405 0) . (0 24,80 .09 L150R0300402  .31002505400 L1R9A0FMAIN2
20 1 . heg-./hvul .00 2L.40 .09 LTHTECRG5401 L1H0AM1ATIND cTLBTINQAGHN]
g9 1 100 BTG r0L LU0 24.50 .00 _11/o°a/h+02 e223H6832+02_ 11292074402 .
z3 1 . Jul-coux .00 24.00 .60 L1N1183304402 20105168402 C1N11A334+02
29 1 .3000‘°lﬁ+0( .00 24,10 .00 HRNTA301+03 13049741400 «6A016801413
%9 1 WHO173606-01 .00 2u4.70 .00 L33139358-01 J1803N6RA-N2  LRILEAZSA-01
20 1 -ul%“!c77 Vi W00 27.35 .00 LU2HETIP0-N2 L2T7ATISNG=-02 JHPARARIR2NSND
20 1 11400 W00 2¢.20 .00 LORR12 35201 LU2706026-01 SASH12052-01
Y 1 ngafgl <00 25,20 .00 cHHAPA3AZ=ND £11151307=01  J6RA233A80-02
5 1 PRSP X A ) .00 °a.u? . 00 L16R51151+00 363076H67-01 <14851081400
20 1 L10032743+400 .00 25.00 N0 .2260322Q-01 W U4045114%-01 .27250%220~01
) 1 232142203401 .00 25.80 .00 LIRS LI P L20UTLAP24N2 L 102AT81R+N2
S35 107 1777020001 .00 27.56 .00 L.RA9a2InA+01 133010414072 . 80092000401
20 108 L23NDTTLE UL <00 2b.26 .00 L1510%530+02 «317700045402 JA73592504N02
20 1 292820312301 . 0N 27.40 0n LUNN25580+N03 - 24170007403 2 JU02R0A0+N3
B! 1 -0 32.30 .00 L1A37126400 <11759402-02 L 10947126400
31 1 J3REL0H7+400 .00 3h.50 <00 12667523400 SH9A23EAT~-D1 .« 1PARA3S2TI4AN
22 1 .¢;7‘,l((-_fu\: «00 32430 .00 <A2115951+400 «60NIBHIA=0 1 « 62115051400
2 -1 .00 36.30 .00 L3S0 HHUF0D 71887165402 +35950/644 07
31 1 1103555402 <00 33410 .00 L 20095373+03 2322323701403 < 20005873403
32 1 .o322'3ﬂ°*hu $00 - 36.75 W00 < 18547°702+00 «31ARTIAS40N «1RSMH77N240N
12 1 ..,uwu.‘i“-ul N 37.60 .00 L3N 1P977=02 72084051 -03 T3U012977-02
12 1 SIOTLEDREO4 00 <00 37,70 .00 C10127734400 L1S8217712+00 210127734400
z2 b C1G0AUTH3FU0 .00 37,40 .00 L27AST0RT=01 4 3340853-01 27651487-01
22 Iy My EN- +0 < G0 35,38 ) LATARIRTA=02 T 16243024 =01 " <A38R1278>n2
ESULTS - SUB GROPS
GRCUP YEIGHT YBAR XPAR ZRAR NELTA Y DELTA ¥ NDFLTA 7
1 SH2G20211401 .00 +1R  5000.00 . 829813565402 16573700403 cNP2ORIZAA+N2
z YR G YR .60 I3y . 0N STTAUNL30+02T | W 1516136130737  J776H0830+02 Summation of
3 SASTTUTDE02 . +0D0 2.52 .00 L3ILANG2T7403 BTOS32INENT SILIRNA2T 4N G B 3 Dat
4 C2USITRTEAGR .co 3.80 .00 L IARRTOL 3OS cT770RCOT+NT 629103771403 ay ata
T TUSTZTOITEGE T0T a0 200 TANGYN IR0 TR0 AR AN T TV ALGTRIR7403 T —
6 S3U0L3LLYHE .00 5.01 .00 SASBIROK1LHOT 130227634008 JALBSR1TA+NS
7 J130F 048 HU2 00 6.95 .00 <35ORA0384+03 $5IGGT7203403 « 74215917403
[ F NS B R O £ 1V L0 7.67 .0g .h1luA:91Tb$““"‘iaz153n9u¥ox*““’iéu3717°a+n3
10 CAURLALUNHG2 00 8.07 .00 LBN2137084+03 L10027491+010 cALBARRTL 4N
i2 PRCICh By AN A R R RY ) 10 el .00 LAlannnaeny LOGHITOT7OT 0N AN AINT g
U 1 lo7ud201+02 T 0D TG YT 00T T TR AINZO2240R 7T L HANOLSTRH0X SOR0SUGPH NS 3
3 SLOLHLTERT Y02 00N DR «00 A1 T7RTL.25403 «23NHHAG4+0T 125160471403 .
15 JAB0EFhH2102 .00 10,70 .00 L1US02L36403 «288R7077403 LUBOAQUTL4NTY 5
1a L 32GUNE a3 .un . ze~ L 0t CANTAALANRNR T J1ALASPS+ANTT T L AAT3ANONENT -
17 L25LLN21A+Y2 00 11.65 . .00 L172072577+00 « 25516354404 «130723%7400 E
18 B RTINS & NV + G0 12.60 « N0 JAVTER [N 3 cRBRIPAKIF(NS eB17BRAAULENT <
13 RPN FHERO-) .00 135,18 .00 CHRARRCAAFNZ T LA7241000403 T L43RRANAA+N3T m— -
20 LGOT2H6UTH02 .00 14,31 .N0 LLSUNLUSEOY < 20R3R23A4+0N 18656550400 O
21 C2U1LE2004 02 0N 15.25 .00 < IORGILR2HGT 76773121403 +3A553052+03 %_
22 CG20HN552%0] .00 16 1u .nD LARBTOILA+DD $18751927+0% T.e11957A81403 SR
23 37757551402 .00 16. .00 CIB2TINCOY RO - 2804 THA5+0U . 1u230094 404 o3
25 20121617462 .00 10.20 .00 LSHRS1T14403 <. 10802003+04 SLAS1IB14+03 ©
& I SGLCELG T 02 U0 19.43 .00 LAG1827 243037 J1708A0RNH04 C8A1S2724+03 =
24 Ta7cez .00 21.22 .00 CLTSTOSE2404 L 3L413228+04 17579502404 A
_23 235A13+U2 .00 24414 .00 LTPARNEN3H03 L 1UBLGIATHON L726RRALI4NG .
35 C17eT2I00+02 .60 26.30 .1nogu~us+03 T 30768921403 .2h13uun7+n3 )

.00




— —— vt

31 L17661751402 .00 34,05 .00 .2766‘*03 «39603610+03 \27662191403
32 - .116569578401 00 . 37.15 .00 6322 W40 .571A8550+00 63228979400
TOTAL ¢
0 65308434403 .00 13.52 46.06 .15590330+09 <1558R8116+09 54011707405 - Data for Input to
Program 12001B
for the TPA
' DATA CARDS 1GNORED - FIRST IS LISTED BELOW o R
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TABLE 1 -- MOMENT OF INERTIA EQUATIONS

‘Page 4

) INPUT
CODE AIx (ROLL) AIY (PITCH) AIZ (YAW) REQUIRED OTHER
7 CYLINDER ABOUT AXES OTHER THAN AXTS OF CYLINDER. 74, 75, 76, 77, 78, 79 NOT ALLOWED.
: . L = s&z + 12 4+ 2
- 1 x |2 [ r? 12 x| 2 }
71 W\l'i- L 4 + 17 1—(1' X,Y,Z,R
(Solid)
’ 2 2 1.2 27
Input: W {1,+(%) } %~ +i%5- {1 - %- !} = difference
W, X, ¥, Z, R | - _ J : between X
. ‘[1 . 2_27 {BE. . LE. - Z_2 coordinates
BRI 12 L
27 .
{ 1) (&) a2 [, _fx
72 (We il +(L ] > \ 17 [ L J} X,Y,Z,R
(Thin Wall) '
2 2 2 ( 23
Input: w{{l + {— } —I;— + -1115) [1 - %) J} = difference
W, X, ¥, Z, R . | between Y
. coordinates
. \ L 2 12 L
( 2 .2, 2 2\ [ 2}
X R+~ L X
73 w,\[1+(L J ( ! +(12 E (L) ) X,Y,Z,R,x
(Thick Wall) ’ _ .
. 2 2 2 2V [ 2 :
W{[l + %) ] R Z rl+ (%) 1 —({—) }} Z = difference
_ i - between 2
. coordinates
2 2 2 2
. z ] R+ x ) __z_)
- WL L+ (T 4 + =




FYEE,»428999,2,200 LIST £15301

@9_RUN FYEE»428999,2,200

LIST E15301

o cmaaeo- e

DATE 16 MAY 72 PAGE 1

16 MAY 72 21:51:14.366

16 MAY 72 211513144366

@ CTL CLS=N T e e
@ CTlL UN=E15301 16 MAY 72  21:51:14.366
RR ASG X=AN4155 16 MAY 72  21:51:14.440 -
ANG155 ASSIGNED UNIT 2
AN HDG 16 MAY 72  21:51:14.4409
ﬁ_ .._,\ . o e e o =l e e mmh s m e e e e e e e v e o e
&




el XQT CUR 16 MAY 72 21:512:14.451
1. PEF X 21151214
2 IN X ‘21351:16
END OF FILE == UNIT X
Se LIST 1 21:51:20
T
=
w

AW




MLOrE Loy et rarmy, Ing Sv

@ ELT DELTAr1s710420, 60416

606001 CDELTAV 0p0ndous
000002 SUBRQUTINE DELTA 00004050
000003 C COMPUTES DELTA VALUES IN COMMON REFERENCE AXIS SYSTEM 00004055
00000y IMPLICIT REAL*8 (A~H,0-2)" 00004060
000005 DIMENSION HOL(12), W(100), YB(100), XB(100)» ZB(100)» DYONo0406S
00000¢ 1(100)+» DX(100)» DZ(100), SWY(100),» SWX(100), SWZ(100), SWYS(100)e 00GNOLOTO
000007 2SWXS(100)» SW2S(100),» SDY(100)» SDX(100), SDZ(100) 00004075
000008 COMMON  PI 00004080
000009 COMMON w1 + YBR ¢+ XBR ¢ ZBR » DY1 v DX1 00004085
000010 COMMON DZ1 » DPY » DPX ¢ DPZ 'S ' T 00004090
000011 COMMON J » N ' K v M v Y ' X 00004005
000012 COMMON 2 + RHO » AL ¢ B1 » C1 v A2 00004100
000013 COMMON™ B2 e C2 y R1 ¢ R2 ¢+ R3 ' H 00004105
000014 COMMON B ) A ¢ AL ¢ WT + YBT » XBT 00004110
000015 COMMON  ZBT v DYT + DXT v DZT ¢ SWYT ¢ SWXT 00004115
000016 COMMON  SWZT ¢ SWYST 4 SWXST o+ SWZST ¢ SDYT ¢ SDXT 00004120
000017 COMMON SDZT + HOL ' W v YB ¢ XB v+ 2B 00004125
000018 COMMON__ DY » DX » DZ r SWY r SWX r SW2 00004130
7000019 COMMON  SWYS r SWXS ¢ SWZS » SDY ¢ SDX + SDZ 00004135
000020 COMMON D1 v D2 » D3 e CLL ¢ CL2 r CL3 00004140
000021 COMMON CM1 » CM2 » CM3 » CM1 v CN2 » CN3 00004145
000022 COMMON T A3 r B3 v C3 v CLIS y CL2S » CL3S 00004150
000023 COMNMON  CM1S » CM2S » CM3S ¢ CN1S ¢ CN2S » CN3S 00004155
000024 COMMON E ' v » PY r PX v PZ 00004160
000025 IF(N=200) 100,200,200 000N4165
000026 100 DY1l= CLIS*DPY + (1.0D0-=CL1S) * DPX 00004170
000027 DX1= CM1S*DPY + (1,0D0-CM1S) x DPX 00004175
000028 DZI= CNIS*DPY + (1.0D0=CN1IS) * DPX 00004180
000029 RETURN 0000U1A5
000030 200 DY1= CL1S*DPY +CL2S*DPX +CL3S*DPZ 00004190
000031 DXI= CMIS*DPY +CM25*DPX +CM3S*DPZ 00004195
000032 DZ1= CN1S*DPY +CN2S*DPX +CN3S*DPZ 00004200
000033 RETURN 00004205
000034 END 00004210
!
i
i
[N




w5, loe. 22

For

Macee Butines-

o ELT DIRC»1,710420¢ 60419

000001 CDIRCOS 00003755
000002 SUBROUTINE DIRC 00003760
000003 C COMPUTES DIRECTION COSINES AND C.Ge 00003765
T 000004 IMPLICTT REAL*8 (A=Hs0-Z) 00003770
000005 DIMENSION HOL(12), w(l00)s YB(100), XB(100)s ZB(100) s DYON003775
000006 1(100)r, DX(100)» DZ(100),» SWY(100), SKX(100),» SWZ(100)s» S$SWYS(100)s 000037A0
000007 25SWXS(100)» SWZS(100), SDY(100)r SOX(100), SDZ(100) 00003785
000008 COMMON PI 00003790
000009 COMMON W1 v YBR ¢+ XBR v ZBR ¢ DY1 s DX1 00003795
000010 COMMON DZ1 r DPY » DPX r DPZ - - 00003800
000011 COMMON U » N v K v M v Y v X 00003805
000012 COMMON 2 » RHO v AL v B1 » C1 v A2 00003810
000013 COMMCN B2 r C2 v R1 » R2 r R3 r H 00003815
000014 COMMON B v A v AL ' WT v YBT v XBT 00003820
000015 COMMON _ ZBT y DYT » DXT o DZT v SWYT o SWXT 00003825
000016 COMMON  SWZT ¢ SWYST » SWXST + SWZST » SDYT + SDXT 0nnNn3g30
000017 COMMON SDZT » HOL v W ’ YB ¢ XB v 2B 00003835
000018 COMMON DY s DX » DZ 1 SWY r SWX v SWZ 000033840
0060019 COMMON  SWYS r SWXS y SWZS ' SDY » SDX v SDZ 00003845
000020 COMMOM DI . » D2 v D3 » CLIL ¢ CL2 » CL3 00003850
000021 COMMON _ ¢M1 » CM2 ' CM3 ¢+ CN1 » CN2 ¢ CN3 00003855
600022 COMMON A3 » B3 e C3 ¢ CLIS » CL2S ¢ CL3S 00003860
000023 COMMON CM1S r CM2S r CM3S » CN1S + CN2S ¢ CN3S 00003865
000024 COMMON E eV » PY ¢ PX 'y PZ 00003870
600025 D1=0SORT(ALl%*2 +B1**2 +C1%%2) 00003875
- 000026 cLl =A1/ D1 00003880
000027 cvMi =B1/ D1 000038AR5
600028 CNI =C1/ 01 00003890
000029 CL1S= CL1x%2 00003895
000030 CM1S= CM1¥*2 000039090
TT00003% CNISZ CN1*%2 60003905
000032 IF(N=-200) 100¢200,209 00003910
000033 100 YBR= Y + CL1xS 00003915
000034 XBR= X+ CM1 %S 60003920
000035 ZBR = Z+ CN1 %S 00003925
600036 RETURN 00003930
000037 200 A3= gi%C2 -C1*B2 00003935
000038 B3= C1*A2 = Al%C2 00003940
000039 C3= A1xB2 = B1*A2 00003945
000040 D2=DSQRT (A2%%2 +B2*%x2 +(C2%%2) 00003950
000041 D3=DSORT{A3**2 +83%%2 +C3%*2) 00003955
000042 cL2 = A2/D2 00003960
000043 cLas— CL2%%2 00003965
000044 CcCM2 = B2/D2 000039790
000045 CM2S= CM2%%2 ' . 00003975
000046 CN2 = c2/p2 00003930
000047 CN2S= CN2**2 00003985
000048 CL3 = A3/D3 00003990
000049 CL3S= CL3**2 00003995
: 000050 CM3 = B3/D3 00004000
000051 CM3S = CM3*x2 600040605
et 000052 CN3 = C3/D3 | 00004010
0000653 CN3Sz CN3*%x2 \ 00004015
000054 YBR= Y+5%CL2 00004020
000055 XBR= X+SxCM2~ ) 00004025
000056 ZBR= Z+S%CN2 ' 00004030




Heore Business Forms, Inc. sv

000057

RETURN

00004035

000058

END

00004040

91

L




P ELT E15301.10710423, 61857

000001 1COSMIC ENGINE TEST CASE ONE TALBOTT 16JANG7

000002 1105 1 0 20 0 1 0 -1 0 10
000003 1011 0 36 0 1 0 1 0___10 9 .32
TT000004 1107710 52 0 1 0 1 0 10 2 906 18
600005 1022 0 45 0 1 0 1 0 15 5 u8
000006 2202_3 115 275 0 29 0 0 1 15
006007 7 3 1 0 0
000008 1101 4 0 3 24 29 0 -1 0 2 1 5
000009 2202 4 0 41 24 29 0 1 0 12
000010 8 4 0 0 1
0000114 1014 0 635 24 29 0 1 0 2 15 33
000012 1014 0 90 7 29 0 0o 1 2 15 14
000013 2201 4 0 80 14 29 1 0 0 10 2 15
000014 45 0 1 1
000015 71014 0 41 24 =29 0 1 0 10 0 12

LY




P ELT FOR1,1,710420r 60420
000001 C1FOR 00002420
000002 SUBROUTINE FOR1 00002425
000003 ¢ — FORMULA 1 - HOLLOW CYLINDER ’ 00002430
00000 IMPLICIT REAL*8 (A=H»0=2) ’ ' 00002435
. 000005 DIMENSION HOL(12), W(100), YB(100), XB(100)}, 2B(100)» DY0O002u440
000006 1¢100)» DX€100)» DZ(100)» SWY(100)» SWX(100), SWZC(100)» SWYS(100), 00002445
000007 25WXS(100)+» SW25(100), SDY(100)s SDX(100), SDZ(100) 00002450
000008 COMMON PI . 00002455
000009 COMMON w1 + YBR » XBR v 2BR____» DY1 e DXL __000N2u860
000010 COMMON™ DZ1 » DPY » DPX v DP2Z r S ' T 00002465
000011 COMMON U ¢ N v K ' M 2 ¢ ' X 0non2u70
000012 COMMON _ 2 » RHO v AL » B1 _ »C1 ¢ A2 00002475
000013 COMMON™ B2 vy C2 » R1 » R2 * R3 » H 00002480
000014 COMMON B 0 A v AL v WT v YBT » XBT 00002485
000015 COMMON  ZBT e DYT  ,» DXT » DZT ¢ SWYT e SWXT 00002490
000016 COMMON  SWZT ¢ SWYST 4 SWXST s+ Sw2ST » SDYT + SDXT 00002405
000017 COMMON SDZT ¢ HOL P W ' YB » XB v 2B 00002500
000018 COMMON DY ¢+ DX v DZ v SWY_ » SWX » SWZ 00002505
000019 COMMON" SWYS ¢ SWXS v Swzs v SDY » SDX ¢ SDZ 00002510
000020 COMMON D1 » D2 » D3 v CL1 ¢ CL2 » CL3 00002515
gngoo21 COMMON CM1 » CM2 ¢+ CM3 » CN1__ » CN2 » CN3 00002520
TTTG00022 COMMON™ A3 r B3 y C37 T CL1s » CL2S y CL3S 00002525
000023 COMMON CM1S ¢ CM2S ¢ CM3S » CN1S » CN2S ¢ CN3S 00002530
000024 COMMON E vV PY v PX v P2 00002535
TTTB00025 WI= P1*RHO*H* (R1Ix*2-R2%*2) 00002540
000026 $=0,000 00002545
000027 CALL DIRC 00002550
000028 PPYZTVBD0*WIN(RI**2 +R2%%2) 00002555
000029 DPX= W1/12.0D0%(3,0D0* (R1#%24R2%*2) +H*%2) 00002560
000030 DPZ= DPX 00002565
000031 CACLDELTA 00002570
000032 RETURN 00002575
000033 END 00002580

o1




@ ELT FOR101,1r710420, 60422

000001 C101FOR 00004525
060002 SUBROUTINE FOR101 00004530
000003 C FORMULA 101 - FRUSTRUM 'OF A SOLID CONE 00004535
000004 IMPLICIT REAL*8 (A=H,»0-2) 0N00u540
000005 DIMENSION HOL(12)» W(100), .YB(100), XB(100), 2ZB(100), DY00004545
0000906 1(100)» DX(100)» DZ(100)y SWY(100)» SWX{100)s SWZ{(100)s SWYS(100),» 00004550
000007 25WXS(100)» SWZS(100), SDY(100) soxt1on). spz(100) 00004555
000008 COMMON PI 00004560
000009 coMMON w1 + YBR -y XBR + ZBRR ¢ DY1 » DX1 00004565
000010 COMMON DZ1 ¢ DPY + DPX s DPZ ' S v T 00004570
000011 COMMON J » N ' K ' M v Y v X 00004575
000012 COMMON 2 » RHO o Al v B » Cl ¢ A2 00004580
000013 COMMON B2 y C2 r R1 ¢+ R2 r R3 ¢ H 0000USRS
000014 COMMON B ¢ A r AL v WT v YBTY ¢ XBT 00004500
000015 COMMON _ ZBT ¢ DYTY ¢+ DXT v DZT v SWYT e SWXT 00004595
000016 COMMON  SWZT ¢ SWYST » SWXST » SWZST » SDYT ¢ SDXT 00004600
00017 COMMON SDZT » HOL v W v YB ¢ XB » 2B 00004605
____oooo1is COMMON DY » DX » DZ v SWY e SWX » SUZ 00004610
T 000019 COMMON SWYS ¢ SHXS + SWZS » SDY » SDX v SDZ 00004615
000020 COMMON D1 e D2 + D3 y CLY v CL2 ¢ CL3 0n00ue20
000021 COMMON__CM1 » CM2 4 CM3 s CN1 » CN2 e CN3 00004625
000022 COMMON A3 r B3 y C3 ¢ CLIS » CL2S + CL3S 00004630
000023 COMMON CM1S » CM2S » CM3S » CN1S ¢ CN2S » CN3S 00004635
000024 COMMON E_ + V. PY o PX r P2 00004640
000025 E= R1¥%2 +R1*R2 +R2%*2 00004645
000026 F=(R1-R2) /R1 00004650
000027 6= Ex(R1%%2 +R2%%2) - (R1*R2)**2 00004655
000028 U= Fx*2 ~3,000%F +3.0D0 00004660
000029 P= 15D00/U* (Fx%4=5.0D0%F%%3 +10,0D0%F*F =10,0D0%F +5,0D0) 00004665
000030 Q=140D0/U**2* (o« 1D0*U* (64 0D0*F**2=15,0D0%F+10.000) =.062500%(3.0D0*00004670
000031 IF*¥F=8¢000%F+6.,0) ¥%2) 0oo0U675
000032 wlz RHO *EXPI *H/3.0D0 00004680
000033 $= +25D0*%H/E #(R1*R1+2.0D0*R1%R2 +3,0D0% R2#*R2) 00004685
006034 CALL DIRC 00004590
000035 DPY = .3D0 *W1 /E * G 00004695
000036 DPX= W1 *(P*R1%%2 +QikHx**2) 00004700
000037 DPZ =TDPX 00004705
000038 CALL DELTA ; 00004710
000039 RETURN 00004715
000040 END 00004720
Y
(de)
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@ ELT FOR102,1,710420, 60424

000001 C102FOR 00004725
000002 SUBROQUTINE FOR102 00004730
000003 C FORMULA 102 ~ OUTSIDE FILLET OF RFVOLUTION 00004735
T odooou IMPLICIT REAL*8 (A=H,0=2) 00004740
000005 DIMENSION HOL(12)Y, W(100),» YB(100), XB(100)s 2B(100)¢ DYOO00LT74S
000006 1(100)r DX(100)s DZ(100)s SWY(100),» SWX(100), SWZ(100)s SWYS(100), 00004750
000007 25wWXS(100)» SWZS(100), SDY(100), SDX(100), SDZ(160) 00004755
000008 COMMON P1 00004760
000009 COMMON W1 » YBR »_XBR » ZRR v DY1 ¢ DXL 00004765
000010 COMMON DZ1 v DPY » DPX ¢ DPZ ¢ S e T 00004770
000011 COMMON U ¢ N v K ' M e Y y X 00004775
000012 COMMON 7 » RHO ) Al v Bl »C1 )y A2 00004780
000013 COMMON B2 y C2 » R1 » R2 ¢+ R3 » H 00004785
000014 COMMON B ¢+ A v AL v WT + YBT ¢ XBT 00004790
000015 COMMON__ ZBT s DYT ¢+ DXT + DZT ¢ SWYT » SWXT 00004795
000016 COMMON  SWZT ¢ SWYST » SWXST ¢ SWZST » SDYT ¢ SDXT 00004800
000017 COMMON  SDZT ¢+ HOL oW ' YB » XB v 2B ononugns
000018 COMMON__ DY » DX v DZ A + SWX + SWZ nooous10
000019 COMMON ~ SWYS y SWXS y SWZS + SDY » SDX y SDZ 00004815
000020 COMMON D1 » D2 v D3 » CL1 r CL2 » CL3 onon4g20
000021 COMMON _ CM1 r CM2 ¢ CM3 » CN1 ¢ CN2 » CN3 00004825
000022 COMMON A3 r B3 , C3 ¢ CLIS » CL2S » CL3S 00004830
000623 COMMON  CM1S ¢ CM2S » CM3S » CN1S » CN2S ¢ CN3S co0n4s3s
000024 COMMON E 'V v PY » PX v PZ 00004840
000025 E= RHO *R2¥#%2 oo0nupus
000026 Wl= E¥(1.3483832D0*%R1 +.30118575D0*R2) 00004850
000027 T= ExR2 /W1*(1,0471976D0%R1 +.26179939D0+R2) 00004855
000628 = R2-T 00004850
000029 CALL DIRC 6n0nN48es
000030 DPY= E*(1.34B3832D0%R1%%x3 +,90355662D0%R1*R1%xR2 +.34404744D0 *R1%x 00004870
000031 IRZ¥RZ2 ¥, 0558356820 0*«R2%*3Y 00004875
000032 DPX= +SDO*DPY +E* R2#%R2%(.86069464D0 *R1 +.23237608D0*R2) ~W1*T*T G00048A0
000033 DPZ= DPX 00004885
000035 CALL DELTA 00004890
0060035 RETURN 00004895
000036 END 00004900

02




-

T 000001

C103FOR noon4ans
000002 SUBROUTINE FOR103 00004910
000003 C _ _FORMULA 103 = INSIDE FILLET OF REVOLUTION 00004915 _
000004 IMPLICIT REAL#*8 (A=H,0~2) 001004920
000005 DIMENSION HOL (12)s W{100)s YB(1N0), XB(100), ZB{10N), DYONNOLO2S
000006 1(100)r DX(100)s DZ(100), SWY(100), SWX(100), SWZ(100)s SWYS(100), 00004930
000007 2SWXS(100)» SWZS(100), SDY(100)s SDX(100)s SDZ(100) 060NYa3s
000008 COMMON PI 00004940
000009 COMMON _ W1 +_YBR + XBR___» ZBR 4 DY1 + DX1 _ 000h4ous
000010 COMMON DZ1 ¢ DPY + DPX » DPZ v S r T anNouosg
000011 COMMCN U ¢ N v K ' M 'Y ' X 00004955
00p012 COMMON 2 ¢+ RHO r AL e B1 v C1 » A2 0N00K9AN
000013 COMMON B2 ) C2 r R1 ' R2 + R3 ¢ H 0n0049AS
000014 COMMON 8 ' A s AL ¢ WY ¢ YBT ¢+ XBT 00004970
_oogo1s COMMON__ ZRT ¢« DYT 4 DXT _ __ _» DZ2T o SWYT___ o SWXT_ . _ 00004975 __
000016 COMMON SWZT  » SWYST » SWXST » SWZST » SDYT  » SDXT 0n0N4ORD
000017 COMMOM  SDZT » HOL ' W » YB » X8 v 2B 00004985
000018 COMMON _DY ___ + DX __ _» D2 0 SWY o SWX s SWZ ~ ponouoan
0000619 COMMON SWYS  /y SWXS » SW2ZS  » SDY » SDX ¢ SDZ 00004985
000020 COMMON D1 r D2 s D3 v CL1 ¢ CL2 ¢ CL3 00005000
Qugn21 COMMOM _CM1_ _ » CM2_ _  » CM3 ___» CM1 r CN2. » CN3 onoosons
ouov22 COMMON ~ A3 » B3 » C3 ¢ CLIS » CL2S o+ CL3S 00005010
000023 COMMON CM1S + CM25 » CM3S  , CN1S  » CN2S s CN3S 00005015
000024 COMMOM__E. o+ V____ » PY. v PX s PZ o 00005020
000625 EZ RHO #*R2#%%2 00005025
000026 W1z E*(1.3483832D0*R1 +1.0471976D0*R2) 00005030
_.gooo27 5= ExR2 /Wl *(.30118575D0*R1 +.26179939N0_*R2) ——_ _. ... 00005035
oovd2s CALL DIRC 00005040
600029 DPYz E*(1,3483832D0 *RI1*%3 +3,1415927N0%R1*R1%R2 +2,5820838D0 *R1¥000050u5
000030 1R2%R2++7330382900%R2%*3) i o o 00005050
“bou03t DPX= SDO*DPY +E*R24R2%(,11468258D0%R1 + +10471976D0 *R2) =W1%S*S 00005055
000032 DPZ=pPX 00005060
000033 CALL DELTA L . o - 00005065
TTp00034 "RETURN’ 00005070
000035 END 00005075

@ ELT FOR103,1:710420, 60426
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@ ELT FOR104,1+710420, 60428

060001 C10GLFOR 006005080
000002 SUBROUTINE FOR104 00005085
000003 C FORMULA 104 = SOLID. SPHERICAL SEGMENT,» 2 BASES 00005090
000004 IMPLICIT REAL*8 (A=H,0~2) 00005095
000005 DIMENSION HOL(12)s wW(100),» YB(100)» XB(100), ZB(100)» DYN0005100
000006 1¢100)r DX(1 )'“QZL;QQ)L_SWY(IOO)p SWX(100), SWZ(100)s SWYS{100)}s 00005105
000007 25SWXS(100)r SW2S(100)» SDY(100)e SDX(100)» SDZ(100) 00005110
000008 COMMON PI 00005115
000009 COMMON Wl » YBR »_XBR e 2RR » DY1 » DX1 00005120
000010 COMMON DZ1 ¢ DPY ¢ DPX » DPZ ¢S e T 00005125
000011 COMMON J » N v K ¢ M ¢ ' X 00005130
____oopo12 COMMON 2 + RHO Al ) D ! r A2 00005135
T 000013 COMMON™ B2 r C2 r R1 » R2 » R3 ¢ H 00005140
000014 COMMON B v A v AL v WY ¢ YBT ¢ XBT 00005145
000015 COMMON  ZBT ¢+ DYT ¢ DXT » DZT ¢ SWYT » SWXT 00005150
000016 COMMON  SWZT y SWYST o SWXST » SWZST » SDYT r SDXT 00005155
000017 COMMON SDZT » HOL ' W v YB » XB v 28 00005160
puoolis COMMON _ DY ¢+ DX » DZ_ » SWY v SWX r SWZ 00005165
T hoon1ig COMMON™ SWYS r SWXS » SWZS ¢+ SDY » SDX » SDZ 00005170
000020 COMMON D1 r D2 » D3 e CLI ¢ CL2 ¢ CL3 00005175
00021 COMMON €M1 r CM2 » CM3 ¢+ CN1 r CN2 ¢ CN3 00005180
000022 COMMON A3 y B3 r C3 » CL1S r CL2S » CL3S 00005185
000023 COMMON CM1S ¢ CM2S ¢ CM3S » CN1S ¢ CN2S » CN3S 600005190
ccoo24 COMMON E vV ¢ PY v PX v P2 00005195 |
006025 E= PI*RHO%*H ”‘ 00005200
000026 W1= E*(R1*#R1~(3.0D0%B*B +3.0D0*B%H +H*H) /3.0D0) 00005205
000027 T= E/W1 x(R1#%2 *(B+,500%H) ~B**3 =1,500*B*B+H «B*H*H ~.25D0%H*%*3) 00005210
000028 S="T-B 00005215
000029 CALL DIRC 00005220
000030 DPY= «SDO*Ex (R1¥kl4 +R%x4 +2,0D0*R**3xH +2.0DO*BH*2%xH*%2 +B*H¥%3 + 00005225
000031 1, 2D0%H*%04=2,0007/3,0D0*R1%*2% (3. 0D0O*B*3+3,000#B*xH+H*%2)) 00005230
000032 DPX= E *(+25D0%R1%*4 + R1%x%2 /6,000%( 3,0D0*B*B +3.0D0%BxH +H¥H) 00005235
000033 1w 75%B* (B**3+2¢ 0DO*B*BkH+2« 0DO*BKkH¥H+H**3) =, 15D0%H* ¥4 ) =W 1R T*T 00005240
000035 DPZZ5PX 00005245
000035 CALL DELTA 00005250
000036 RETURN 00005255
000037 END 00005260
H
PN \




@ ELT FOR105,1,710420, 60430
000001 C105FOR 00005265
000002 SUBROUTINE FOR105 00005270
000003 FORMULA 105 = SOLID HEMISPHERE 00005275
000004 IMPLICIT REAL*8 (A=H,0~2) 000052R0
000005 DIMENSION HOL(12), W(100), YB(100), XB(100), 2B(100}» DY000n5285
008006 1(100)» DX(100)» DZ(100), SWY(100), SWX(100), SWZ(100)¢ SWYS(100)r 000Nn5290
000007 25WXS(100)» SWZS(100), SDY(100)}» SDX(100)» SDZ(100) © 00005295
000008 COMMON PI 00005300
000009 COMMON W1 ¢+ YBR ¢ XBR » ZBR » DY1 » DX1 00005305
000010 COMMON ~ DZ1 ¢ DPY ¢ DPX » DPZ ¢ S y T 00005310
000011 COMMON U ¢ N r K v M v Y D ¢ 00005315
000012 COMMON 2 ¢+ RHO v Al v B1 e C1 ' A2 00005320
000013 COMMON B2 r C2 »r R1 ¢+ R2 ¢ R3 ¢ H 00005325
000014 COMMON B y A » AL ¢ WY v YBT » XBT 00005330
000015 COMMON  ZBT r DYT » DXT ¢ DZT v SUYT ¢ SWXT 00005335
000016 COMMON  SW2T » SWYST » SWXST » SWZST ¢ SDYT » SDXT 00005340
000017 COMMON  SDZT » HOL r W ¢ YB ' XB v 2B 00005345
000018 COMMON DY ¢ DX ¢ DZ + SWY e SWX » SWZ 00005350
000019 COMMON ~ SWYS » SWXS + SWZ2S v SDY ¢ SDX ¢ SDZ 00005355
000020 COMMON D1 » D2 v D3 v CL1 v CL2 v CL3 00005360
000021 COMMON ¢cM1 r CM2 » CM3 » CN1 » CN2 s CN3 00005365
000022 COMMON A3 » B3 e C3 » CL1S » CL2S ¢ CL3S 00005370
000023 COMMON CM1S » CM2S ¢ CM3S + CN1S r CN2S ¢+ CN3S 00005375
000024 COMMON E ' V ¢+ PY ¢ PX ¢ PZ 00005380
000625 W1l= 2.0D0/3.0D0*%PI*RHO*R1%**3 006005385
000025 S = .375D0 *R1 00005390
000027 CALL DIRC 00005395
000028 - DPY= GDO*W1*R1%%2 00005400
000029 DPX= «259375D0 *W1 *R1*%2 00005405
000030 DPZ=DPX 00005410
000031 CALL DELTA 0n005415
000032 RETURN 00005420
000033 END 00005425
i
\.

o




Moore Business Forms, Inc. sv

@ ELT FOR106,1,710420, 60431

END

0060001 C106FOR 00005430
000002 SUBROUTINE FOR106 00005435
000003 C ____FORMULA 106 = OUTER QUARTER OF SOLID TORUS 00005440
000004 IMPLICIT REAL*8 (A=H/,0~=2) 00005445
000005 DIMENSION HOL (12)» W(100)s» YB(100), XB(100)e ZB(100), DY0000S450
000006 1¢100)» DX(100)» DZ(100)s SWY(100), SWX(100), SWZ(100), SWYS(100)s 000N5455
00007 25SWXS(100)» SWZ2S(100)» SDY(100)» SDX(100), SNZ(100) 00005460
000008 COMMON PI 00005465
000009 COMMON W1 ¢+ _YBR » XBR » ZRR_ o DY1 o DX1 00005470
000010 COMMON DZ1 » DPY ¢ DPX ¢ DPZ 'S v T 00005475
000011 COMMON J s N v K v M v Y v X 00005480
000012 COMMON  Z ¢+ RHO v Al v Bl ¢ C1 ¢ A2 00005485
000013 CcOmMMON B2 y C2 » R1 ¢ R2 r R3 » H 00005490
000014 COMMON B v A v AL v WT » YBT » XBT 00005495
000015 COMMON  ZBT ¢ DYT » DXT + DZT 1 SWYT » SWXT 00005500
000016 COMMON SWZT » SWYST » SWXST » SW2ST » SDYT ¢ SDXT 00005505
000017 COMMON  SDZT ¢ HOL W v YR r XB ¢ 2B 00005510
000018 COMMON DY » DX v DZ ) SwY ' SWX ¢+ SWZ 00005515
000019 COMMON™ SWYS ¢ SWXS ¢ SWZS v SDY » SDX ¢ SDZ 00005520
000020 COMMON D1 v D2 ¢ D3 » CL1 ¢ CL2 + CL3 00005525
000021 COMMON CM1 r CM2 + CM3 s CN1 v _CN2 » CN3 00005530
000022 COMMON A3 ¢ B3 » C3 » CL1S y cL2S » CL3S 00005535
000023 COMMON  CM1S + CM2S » CM3S » CN1S » CN2S  » CN3S 00005540
000024 COMMON £ 'V » PY o PX » PZ 00005545
600025 E= .5D0*%PI *RHO #R2%%2 00005550
000026 Wlz EX(PI*R1 +4.0D0/3.0D0*R2) 00005555
600027 S= +5D0*R2 *(B.0D0*R1 +3.0D0*R2) / (3.0D0%PI*R1 +4,0D0*R2 ) 00005560
000028 CALL DIRC - 00005565
000029 DPY= Ex( PI*R1%%3 +4,0D0*R1I*R1%R2 +.7500*%PI*R1%R2%*R2 +8.0D0*R2**3 00005570
000030 1/15.000) . 00005575
00003X DPX= . BO0*DPY +E#R2%¥*2 *(+2500*%PT#R1 +#4,0D0/15.0D0%R2) ~W1kG*S 00005580
000032 DPZ=DPX 00005585
000033 CALL DELTA 00005590
0UUU3% RETURN 00005595
000035 00005600
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@ ELT FOR107,1+710420, 60433

000001 C107FOR 00005605
000002 SUBROUTINE FOR107 00005610
000003 ¢ FORMULA 107 - FRUSTRUM OF A HoLLOW CON: 00005615
000004 IMPLICIT REAL*8 (A=Hs0~2) , 00005620
000005 DIMENSION HOL(12),» W(100)» YB(100),» XB(100), 2ZB(100), DY0N0005625
000006 1(100)» DX(100}s DZ(100), SWY(100), SWX{1090), SWZ(100)s SWYS(100), 00005630
000007 2SWXS(100), SW2S(100), SDY(100), SDX(100), SDZ(100) 00005635
000008 COMMON  PI 00005640
000009 COMMON W1 » YBR » XBR » ZBR + DY1 » DX1 00005645
000010 COMMON D21 » DPY ¢ DPX + DP2 ' S e T 00005650
000011 COMMON J Y TR ¢ Y 'Y v X 00005655
000012 COMMON 2 + RHO e Al » BL ! » A2 00005660
000013 COMMON B2 y C2 ¢ RL + R2 ' R3 r H 00005665
00001y COMMON B v A + AL ¢ WT s YBT ¢ XBT 60005670
000015 COMMON__ZRT » DYT e DXT + DZT ¢+ SWYY 1_SWXT 00005675
000016 COMMON  SWZT ¢ SWYST ., SWXST o+ SWZST ¢ SDYT ¢ SDXT 0n0N5680
000017 COMMON  SDZT » HOL y oW r YB ' XB ¢+ 2B 00005685
000018 COMMON DY » DX v D2 e _SWY v SWX r_SWZ 00005690
000019 COMMON SWYS » SWXS ¢ SWZS » SDY » SDX » SDZ 00005695
0000620 COMMON D1 y D2 + D3 » CL1 r CL2 e CL3 00005700
000021 COMMON €M1 ¢ CM2 ) CM3 o CM1 » CN2 ¢ CN3 00005705
000022 COMMON A3 + B3 » C3 » CL1S » CL2S » CL3S 00005710
000023 COMMON CM1S ¢ CM2S » CM3S ¢ CN1S ¢ CN2S » CN3S 00005715
000024 COMMON _F + V » PY v PX ¢ P2 00005720
000025 Uiz rR1-R2 - 00005725
000026 T= R2-R3 00005730
000027 0= Ul / H 00005735
0060028 E= PI * RHO % T 00005740
000029 El= E *(2.0D0%R1 =T) 00005745
000030 E2= 2.0D0*E *Ul 00005750
000031 E3= .500 *E /@ 00005755
000032 E4= 2.0D0*E3 /Q**2 00005760
000033 wl= £ % H *(R1+R3) 00005765
00003y S= H/3.0D0%(3,0D0%ELl =2,0D00%F2) / (2.0D0%F1 =E2) 00005770
000035 B= R1 =-Q#*S 00005775
000036 U2z R1¥%2 =R2%*2 00005780
000037 U3= R1*%3 =R2%%3 00005785
000038 Ul= Rlxx4 ~R2%%Y4 00005790
000039 CALL DIRC 00005795
000040 DPYz= E3 »(U4 ~2,0D0%T*U3 +2.0D0*T*T*U2 ~ TH%x3 *U1) : 00005800
000041 DPX= .SDO*DPY +E4 *(,5DO0xUt =(4.0D0*B+T) /3, 0DO*U3 +8%(B+T) *U2 -B00005805
800042 1%B*T*U1) 00005810
000043 DPZ2= DPX 00005815
000044 CALL DELTA 00005820
000045 RETURN 00005825
000046 END 00005830 -
\
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@ ELT FOR108,1.710420, 60435

000001 C108FOR 00005835
000002 SUBROUTINE FOR108 00005840
000003 FORMULA 108 = ANNULAR FRUSTRUM = CYLINDRICAL_ HOLE 00005845
000004 IMPLICIT REAL*8 (A=H,0-2) 00005850
000005 DIMENSION HOL(12), wW{100), YB(100), XB(100)s ZB(100) NY0N005855
000006 1(100)» DX(100), DZ2(100), SWY(100), SWX(100)» SWZ(100)r» SWYS(100),» 0NOOSRE0
000007 2SWXS(100)+ SWZS(100), SDY(100)» SDX(160)s SDZ(100) 00005865
000008 COMMON PI 00005870
000009 COMMON__ W1 » YBR » XBR » ZBR s DY1 » DX1 00005875
000010 COMMON DZ1 » DPY + DPX ¢ DPZ ' S e T 00005880
000011 COMMON U r N v K v M 'Y v X No0NS8A8S
000012 COMMON Z | ¢+ RHO v Al » Bl ¢ Cl » A2 00005890
000013 COMMON B2 s C2 »r R1 » R2 + R3 » H 00005895
000014 COMMON B r A v AL ' WT ¢ YBT + XBT 00005900
000015 COMMON _ ZBT v OYTY » DXT » DZT ¢ SWYT o SWXT 00005905
000016 COMMON  SWZT » SWYST » SWXST » SW2ST o+ SDYT » SDXT 00005910
000017 COMMON  SDZT » HOL v W r YB ¢ XB v 2B 00005915
0006018 COMMON DY » DX » DZ » SWY ¢ SWX » SWZ 00005920
000019 COMMON SWYS » SWXS ) SWZS » SDY ¢ SDX ¢ SD2 00005925
000020 COMMON D1 r D2 ¢ D3 » CL1 r CL2 » CL3 00005930
0006021 COMMON €M1 v CM2 + CM3 » CM1 ¢ CN2 ¢+ CN3. 00005935
000022 COMMON™ A3 vy B3 r C3 v CLIS » CL2S » CL3S 00005940
000023 COMMON CM1S » CM2S » CM3S v+ CN1S v CN2S ¢ CN3S 00005945
000024 COMMON E v V » PY ¢ PX ' P2 00005950
000025 CALL FORI1061 00005955
000026 WF= wl =~ 00005960
000027 YBF= YBR 00005945
000028 XBFZ XBR 00005970
000029 ZBF= ZBR 00005975
000030 DYF = DY1 00005980
000031 OXF ="DXI 0000598%
000032 DZF = D21 00005990
000033 R1= R3 00005995
00G03% R2Z0.000 00006000
000035 RHO= =RHO 00006005
000036 Y= Y+.5D0%H *CL1 00006010
000037 X="X++SD0*H *CMI 00006015
000638 Z= 2+45D0*H *CN1 00006020
000039 CALL FOR1 00006025
000040 wC= w1 00006030
000041 YBC = YBR 00NN6035
000042 XBC = XBR 00006040
000043 ZBC = ZBR ‘ 00006045
000044 DYC = DY1 ’ 00006050
000045 DXC = DX1 00006055
600046 nZ2C = DZ1 00006060
000047 wls wC+wr 00006065
000048 YBR= (WF*YBF +WC*YBC) / wil 00006070
000C4S XBR= (WF%XBF +WC*XBC) / wl © 00006075 -
000050 ZBR= (WF#ZBF +WC*ZBC) / wi 00006080
000051 DY1l= WF*(XBF**2 +ZBF*%2) + WC*(XBC**Z +2BC**2) +DYF + DYC =-wi*(XRR00006085
000052 1x%2 +ZBR*%2) 00006090
' 000053 DX1z= WF* (YBF%%2 +ZBF%%2) +WC*(YBC**2 +2BC#%2) +DXF +DXC =Wi1x{ YRRONON609S
{?;000054 1%%2 +ZBR*%2) 00006100
000055 DZIZ WP (XBF #*2 +YBF#*%2) + WCx(XBC*=*¥2 + YRC*x2) +DZF +DZC - w1*(xaonooe1os
000056 1R*%2 + YBR#*%2) 00006110
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000057

RETURN

00006115

000058

END

00006120
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@ ELT FOR109,1,710420, 60436

660001 . C109FOR 00006125

000002 - SUBROUTINE FOR109 00006130
000003 c _ FORMULA 109 - ANNULAR CYLINDER = CONICAL HOLE 00006135
000004 IMPLICIT REAL*8 (A=H:0=2) 0nn0e1LO
000005 DIMENSION HOL(12), W(100), YB(100),» XB(100)» ZB(100)» DY0N0006145
000006 1(100)» DX(100)» DZ(100)» SWY(100), SWX(100), SWZ(100)» SWYS(100)» 00006150
000007 25WXS(100) s SWZS(100), SDY(100)¢ SDX(100), SDZ(100) 00006155
000008 COMMON PI 0n006160
000009 COMMON. W1 +_YBR ¢+ XBR v ZBR » DY1 s DX1 . _ 00006165
000010 COMMON DZ1 ¢ DPY » DPX » DPZ r S ' T 00006170
000011 COMMON J r N » K » M r Y r X 00006175
000012 COMMON _ Z ¢+ RHO » Al ¢ Bl ¢ C1 v A2 00006180
000013 COMMON B2 ’ c2 s R1 ¢ R2 » R3 v H 00006185
000014 COMMON B ’ : » AL ' WT v YBT » XBT 00006190
000015 COMMON _ ZRT ' DYT s DXT v DZT r SWYT s SWXT 00006105
000016 COMMON  SWZT » SWYST » SWXST + SWZST ¢ SDYT » SDXT 00006200
000017 COMMON  SDZT v HOL v W » YB r XB ¢ ZB 06006205
060018 COMMON DY ¢ DX ¢+ DZ o SwY s SWX y SWZ 00006210
T 00019 COMMON  SWYS » SWXS v SWZS ¢ SDY r SDX ¢ SDZ 00006215
000020 COMMON D1 » D2 » D3 r CLL v CL2 » CL3 00006220
000021 COMMON _ CM1 » CM2 » CM3 ¢ CN1 » CN2 » CN3 00006225
~T000022 COMMON A3 r B3~ 4, C3 y CL1S ¢ CL2S s CL3S 00006230
000023 COMMON CM1S » CM2S » CM3S ¢ CN1S » CN2S ¢+ CN3S 00006235
000024 COMMON _E ' v » PY ¢+ PX » PZ 00006240

T pog02s ER2 = R2 , ' 00006245
000026 EY = Y 00006250
000027 EX = X 00006255
000028 EZ = 00006260
000029 R2=0,0D0 00006265
000030 : S= L5D0*H 00006270
000031 CALL DIRC . 00006275
000032 Y=YBR 000062R0
000033 X=XBR 00006285
050036 7=2BR : . 00006290
000035 CALL FOR1 00006295
000036 wC= wi . 00006300
05037 YBC = YBR 00006305
000038 XBC = XBR ) 00006310
000039 ZBC = 2BR 00006315
000040 pYC = DY1 ' onne6320
000041 DXC = DX1 ‘ 00006325
000042 DZ2C = DZ1 . 00006330
000043 RHO = =RHO : 00006335
00004y R1 = ER2 . A 00006340
000045 R2= R3 . 00006345
000046 - Y = EY , ) 00006350
000047 X = EX ) 00006355
000048 2 = EZ 00006360
0U0049 CALL FOR101 . 00006365
600050 wF = Wi . 00006370
000051 YBF = YBR : 00006375
e 000052 XBF = XBR 1 00006380
o 006053 ZBF = ZBR ' 00006385
000054 DYF = DY1 ] 00006390
006055 DXF = DX1 ; ) 000063095
000056 DZF = DZ1 . 006006400




000057 Wl = WCHWF 00006405
000058 YBR= (WF%YBF + wC*YBC) / Wi 0nonGeL10
000059 XBR= (WF#XBF + WC*XBC) 7/ Wl ! 00006415
000060 ZBR= (WF*ZBF _+ WC*ZBC) / Wi . D00nAu20
000061 DY1= WF*(XBF*%2 +ZDBF%%2) +WCx (XBC**2 +28C#*x2) + DYF + DYC ~Wix(XBR0O0006425
000062 1%%2 +ZBR*%2) 00006430
000063 DX1 = WFx( YBF*%2 +2BF#*%2) + WCXx(YBC*%2 +ZBC**2) + DXF + DXC = W1 00006435
000064 1% ( YBR¥*%2 + ZBR*%2) 0no0644n
000055 DZ1 = WFx( XBF**2 + YBF*%2) + wc*(xsc**z +YBC**2) +DZF +DZC =Wix 00006445
000066 1 (XBR¥*2 +YBR¥%2) 00066450
000067 RETURN 00006455
000068 END 00006460
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@ ELY FCR110,1,710420, 60439

000001 C110FOR 00006465
000002 ' SUBROUTINE FOR110 06006470
000003 C FORMULA 110 = TRAPEZOID OF REVOLUTION 00006475
000004 C PARALLEL SIDES PARALLEL TO AXIS OF REVOLUTION 00006480
000005 IMPLICIT REAL*8 (A-=H,0-2) 00006485
000006 CIMENSION TwW(4),TYB(U)»TXB(4) TZB(4)TOY ('t) »TOX(4)»TDZ(Y) _ 00006490
000007 DIMENSION HOL(12)s W(100)» YB(100), XB(100)s 2B(100). DYB00N6LOS
000008 1(100)» DX(100)» DZ(100), SWY(100)» SWX(100), SWZ(100)s SWYS(100)» 00O0N6500
000009 2SWXS({100)s SW2S5(100), SDY(100)r SDX(100), SDZ(100) 0nn0e6s0s
000010 _ COMMON PI 00006510
000011 COMMON W1 ¢+ YBR ¢ XBR » ZBR » DY1 » DX1 00006515
000012 COMMON  DZ1 » DPY ¢+ DPX ¢ DPZ v S r T 00006520
000013 COMMON J » N v K r M r Y r X 00006525
000014 . COMMON 2 » RHO v Al ¢ B1 v C1 » A2 00006530
000015 COMMON B2 y €2 + R1 v R2 * R3 + H 00006535
ovoeclie COMMON B r A » AL ’r WY » YBT v XBT 00006540
000017 COMMON  ZBT ¢ DYT ¢ DXT y DZT + SWYT v SWXT 00006545
000018 COMMON _ SWZT e SWYST » SWXST__» SW2ST_ ¢ SDYT ¢+ SDXT 00006550
000019 COMMON— 80ZT s HOL ' W ' YB ¢+ XB o, ZB 0N006555%
000020 COMMON DY ¢ DX » DZ » SWY r SWX r SWZ 00006560
000021 COMMON  SWYS r SWXS v SWZS v SDY ¢ SDX » SDZ 00NN6ESES
000022 COMMON™ 01 r D2 » D3 e CLT ry CL2Z » CL3 00006570
000023 COMMON CM1 ¢ CM2 » CM3 » CM1 » CN2 » CN3 00006575
000024 COMMON A3 r B3 r C3 ¢ CL1S »_CL2S » CL3S 000065R0
000025 COMMON ¢MIS ¢ CM2S8 r CM3S v CN1S ¢ CN2S r CN3S 00006585
000026 COMMON E ¢V » PY ¢ PX ' PZ ' 00006590
000027 c STORE ORIGINAL INPUT 00006595
000028 EAZAL 00006600
000029 EB=B1 00006605
000030 EC=C1 00006610
000031 EY=Y 00006615
000032 EX=X : 00006620
000033 £Z2=2 00006625
000034 EROZRHO , 00006630
000035 ER1=R1 00006635
000036 ER2=R2 . , 00006640
TTT000037 EHZH T ' 00006645
000038 o DETERMINE TYPE 0n006650-
000039 ___ __ IF{H=A) 10+ 40, 60 _ - 00006655
000040 10 IF(H=B) 20+ 20, 30 . 00006660
000041 20 L=1 00006665
000042 GO TO 90 . 00006670
000043 30 L=3 : . 00N06675
000044 GO TO 90 ! 000066RD
000045 40 IF(H-B) 50+ 50, 30 ' L ' 00006685
000046 B 50 L=2 00006690
000047 - G0 TO 90 . 00006695
000048 60 IF(H=-B) 50» 50s 70 . 00006700
000049 70 L=4 00006705
000050 o SET=-UP INPUT FOR SECTION 1 00006710
000051 90 S=.500%A . 006006715
0006052 R2=0,0D0 L 00006720
000053 H=A S 00006725
000054 CALL DIRC 00006730
0000655 YZYBR : 00006735

000056 X=XBR ' ‘ 00006740




0000657 Z=ZBR 00006745
000058 I=1 00006750
£00059 98 CALL FOR1 00006755
000060 STORE RESULTS 00006760
000061 100 TW(I) = wi ' 00006765
000062 TYB(I)= YBR 00006770
000063 TXB(I)= XBR 00N0ATT?S
000064 TZB(1)= ZBR 00006780
000065 T0Y(I)= DY1 00006785
000066 TDX(1)= DX1 00006790
000067 TDZ(1)= DZ1 00006795
000068 GO TO (110¢130,120+140), 00006800
000069 SET=UP INPUT FOR _SECTION 3 00006805
000070 110 Y=EY 00006810
000071 XZEX 00006815
000072 Z2=EZ 00006820
000073 S= EH=.5D0%B 000N6825
000074 R1z ER2 00006830
000075 H=B 00006835
000076 CALL DIRC 00006840
000077 Y=YBR 00006845
000678 X=XBR 00006850
0008079 Z2=ZBR 00006855
000080 RHO= =ERO 00006860
couosl 1=3 000N6865
000682 GO To 98 00006870
000083 SET=UP INPUT FOR SECTION 2 00006875
000084 120 Y=EY 000068R0
006085 X=EX 00006885
000086 I=EZ 00006890
000087 GO TO (1220122:1240124) L 00006895
000088 1227 a1= -EA 00006900
000089 Bl= -EB 00006905
000090 clz =EC 00006910
000091 H= B-EH 00006915
000092 RHO= ERO 60006920
000093 G0 T0 126 00006925
06309 124 H=EHR-B 00006930
000095 RHO = =ERO 00006935
000096 126 Rl = ER1 00N06940
000037 R2 = ER2 00006945
000098 =2 00006950
000099 128 CALL FOR101 0000695%
000100 60 To 100 00006960
00101 130 Y=EY 00006965
___ooo0102 X=EX 0n006970
000103 2=EZ 00006975
000104 Al= EA 00006980
000105 B1z EB 00006985
000106 ciz EC 00006990
000107 5= 00006905
000108 CALL DIRC 0on070006
000109 Y=YBR 00007005
000110 X=XBR 00007010
~ 000111 7=ZBR 00007015
- gool12 GO TO (132,134+132¢134)s L 00007020
000113 132 al= -EA 00007025
000114 Bl= -EB 00007030
000115 ci= -EC 00007035
000116 H= A-EH

00007040



000117 RHO= =ERO 00007045
000113 GO TO 136 00007050
000119 134 H=EH=A 00007055
000120 RHO = ERO 000n7060
000121 136 R1= ER1 00007065
Qool122 R2= ER2 00007070
000123 1=4 00007075
000124 GO To 128 00007080
000125 COMBINE SECTIONS 00007085
000126 140 wi= TW(1) 00007090
000127 YM= TW(l)* TYB(1) 0000709%
000128 XM= TW(L)* TXB(1) 00007100
000129 ZM=_TW(1)* TzB(1) 00007105
000130 YM2 = YM *x TYB(1) 00007110
000131 XM2 = XM * TXB(1) 00007115
000132 ZM2 = ZM * TZB(1) 00007120
000133 YD= TDY (1) 00007125
000134 XD = TOX(1) 00007130
000135 ZD = TDz2(1) 00007135
000136 DO 150 I=2,4 00007140
000137, wizwi+ Tw(l) 00007145
000138 YMZ YM + TW(I) % TYB(I) 00007150 -
000139 XMZ XM 4 TWIT) * TXB(D) 00007155
000140 ZM= ZM + TW(I) % TZB(I) 00007160
000141 YM2 = YM2 + TW(I) * TYB(I)*%2 00007165 _
Tgso0142 XM2 = XM2 + TW(TIY % TXB(IV*%2 00007170
006143 ZM2 = ZM2 + TW(I) * TZB(I)*x2 00007175
000144 YD = YD + TDY(I) 00007180
500145 XD = XD + J0X(I) 00007185
000146 150 2D = 2D + TDZ(I) 00007190
000147 YBR= YM / W1 00007105
000148 ¥BR= KM 7 WY 00007200
000149 ZBR= ZM / W1 000n7205
000150 DYl = XM2 +ZM2 + YD -W1x(XBR%*2 +ZBR¥%2) 00007210
000151 DX1 = YMZ +ZM2 + XD ~WIik(YBR**2 +ZBR**2) 00007215
000152 DZ1 = XM2 +YM2 + ZD =W1x(YBR**2 +XBR**2) 00007220
000153 RETURN 00007225
00015% END 00007230
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© ELT FOR111,1,710420, 60441

600001 Ci11IFOR 00007235
000002 SUBROQUTINE FOR111 ‘ 00007240
000003 C FORMULA 111 = TRAPEZOID OF REVOLUTION 00007245
000004 C . PARALLEL SIDES NORMAL TO AXIS OF REVOLUTION 00007250
000005 IMPLICIT REAL*8 (A=H»0-Z) 00007255
000006 : DIMENSION HOL (12}, W(100)s YB(100)+ XR(100)» ZB(100) pYNoON72A0
000007 1(100)r DX(100)r DZ{100), SWY(100), SWX(100), SWZ(100), SWYS(100)s 000N7255
000008 , 25WXS(100)s SWZS(109), SDY(100)s SDX(100), SDZ(100) onon7270o
000009 COMMON _PI 000n7275
000010 COMMON w1 ¢ YBR » XBR ¢ ZBR ¢ DY1 v DX1 00007280
000011 COMMON DZ1 » DPY v DPX v DPZ S e T 00007285
000012 . COMMON v N ¢ K " M ' Y + X 00007290
600013 COMMON Z » RHO » Al » Bl » C1 ' A2 00007295
000014 COMMON B2 v C2 s R1 v R2 + R3 » H 00607300
000015 COMMON B » A s AL » WT +» YBT __ » XBT 00007305
000016 COMMON  ZBT » DYT s DXT v DZT ¢ SWYT » SWXT 00007310
000017 COMMON  SWZT ¢ SWYST » SWXST » SWZST » SDYT » SDXT 0N007315
000018 COMMON _ SDZT ¢+ HOL ) v YR ¢ X8 e 7B 00007320
000019 COMMON DY r DX s DZ » SWY » SWX ’ SWZ 00007325
000020 COMMON  SWYS r SWXS » SW2S » SDY » SDX » SDZ 00007330
000021 COMMON D2 y D2 ) D3 » CL1 v CL2 v CL3 00007335
000022 COMMON CM1 y CM2 r CM3 » CN1 ¢ CN2 » CN3 000N7340
060623 COMMCON A3 v B3 » C3 v CLIS » CL2S » CL3S 6007345
0002y COMMON _ CM1§ ’ cmzs » _CM3S s CN1S ¢+ _CN2S ¢ CN3S 00007350
“goco2s COMMON  E ’ + PY v PX v PZ . 00007355
000026 C STORE ORIGINAL INPUT 00007360
000027 ER1I=R1 00007365
006028 ER2ZR2 00007370
V0029 EH=H 00007375
000030 EAZAL ' 00007380
000031 £B8=81 00007385
60ceo32 £C=C1 . 00007390
000033 EY=Y onon73as
00003l EX=X 00007400
000035 £2=2 00007405
000036 IF(H) 20, 20, 30 00007410
000037 20 R2= ER1 + EH - 00007415
000038 GO TO 40 . 00007420
000039 30 S=A N0007u2S
000040 CALL DIRC ' 00007430
000041 YZYBR ) : , 00007435
____Gooo42 X=XBR : ____00007440

T 000043 Z2=ZBR ' Lo 00007445
000044 Al= <EA 00007450
000045 - al--EB ) 00007455
000046 Ciz==gC . 00007460
000047 Rl= ER1 + EH 00007465
000048 Re= ER1 00007470
000049 40 H=A : 00007475
000050 CALL FOR101 \ 00007480
600051 TW= Wi . 00007485

&5 000052 TYBZ Y8R 00007490
000053 TXB= X8R : 00007495
000054 ' TZB= ZB8R i : 00007500
7000055 YDY= DY1 1 00007505

000056 TDX = DXi : ! ‘ 00007510



000057 TDZ = DZ1 00007515
000058 COMPUTE INNER CONE RESULTS 00007520
000059 RHO= =-RHO 00007525
000060 Pz ER1 +EH -8 00007530
000061 Y= EY 00007535
000062 X= EX 00007540
000063 2= EZ 00007545
090064 Al= EA 00007550
000065 Bl= EB ! 00007555
000066 cl= EC Q0007540
000067 IF(P-ER2) 60+60,50 00007565
000068 50 s=A 00007570
000069 CALL _DIRC 00007575,
000G70 Y= YBR 00007580
000071 X= XBR 00007585
000072 = ZBR 00007590
000073 Al= -EA 00007595
c00074 Bl= -EB 00n07600
000675 Cl= -EC N0NB7605
000076 R1= 00007610
000077 R2= ER2 00007615
000078 __GO T0 70 00007620
000079 60 Riz ER2 00007625
000080 R2= p 60007630
000081 70 H= A 000075635
T 000082 CALL FOR101 00007640
000083 COMBINE FRUSTRUMS 00007645
gocoay YMZ TWTYB +W1%YBR 00007650
000085 XM= TWkTXE +WixXBR 00007655
000066 ZM= TWETZR +W1*ZBR 00007660
000087 YM2z= TWHTYB®x%2 4+ W1lkYBR*%2 00007665
000088 XM2Z TWxTXB**%2 + WLlkXBR¥**2 00007670
000089 ZM2 = TW*TZB%%2 + W1*ZBR*%2 00007675
000090 ¥YD= TDY +DY1 00007680
000091 XO= TOX +DX1 000076A5
000092 - zZ2h= TDZ +DZ1 00007690
000093 Wiz TW+Wl 00007695
000094 YBR=YM 7 W1 000077Nn0
000095 XBR= XM / w1 00007705
000095 ZBR= ZM / W1 L 00007710
066097 TDYLIT XM2 #ZM2 4YD - Wi (XBR¥%2 + ZBR*%2) 00007715
000098 DX1= YM2 +ZM2 +XD = WI*(YBR*%2 + ZBR#*%*2) 00007720
000099 DZ1= XM2 +YM2 +ZD = W1x(YBR*%2 + XBR¥¥2) 00007725
000100 RETURN 00007730
000101 END

00007735

7.5
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P ELT FOR112,1,710420, 60442
000001 C112FOR 00007740
000002 SUBROUTINE FOR112 00007745
000003 C _ _FORMULA 112 - INNER_QUARTER OF SOLID TORUS 00007750
000004 IMPLICIT REAL*8 (A=H,»0-2) 00007755
000005 DIMENSION HOL(12)s W(LDO0)s YB(100)y XRB{(100)s ZB(100)¢ DYON0N7760
0000086 1(10C)s DX(100)» DZ(100) s SWY(100)r SWXL100}, SWZ{100), SWYS{100), 00007765
000007 25WXS (100), SWZS(100), SDY(IOO)v SDX(100), SDZ(100) 00007770
206008 COMMON  PI 00007775
000609 COMMON w1 » YBR » XBR ¢+ ZRR » DY1 » DX1 00007780
000010 COMMON DZ1 y DPY » DPX » DPZ ' S r T 00007785
000011 COMMON  J ¢ N v K P M Y ’ X 00007790
000012 COMMON  Z » RHO s Al » B1 v C1 v A2 00007795
000013 COMMON™ B2 y C2 y R1 » R2 v R3 r H 00007800
000014 COMMON B ' A ¢ AL ' WY » YBT + XBT 00007805
000015 COMMON  ZBT v DYT » DXT » DZT o SWYT 5 SWXT 00007810
000016 COMMON  SWZT s SWYST , SWXST » SWZST + SDYT » SDXT 00007815
060017 COMMON  SDZT ¢ HOL ’ W + YB y XB » 2B 00007820
000018 COMMON _ DY ¢+ DX o 02 ' SHY ¢+ SWX ¢ SWZ_ 00007825
000019 COMMON SWYS  » SWXS o+ SWZS » SDY » SDX ¢ SDZ 00007830
000020 COMMON D1 v D2 v D3 v CL1 r CL2 » CL3 00007835
000021 COMMON €M1 ’ CM2 s CM3 ¢+ CM1 ¢+ _CN2 » _CN3 00007840
600022 COMMON A3 y B3 y C3 y CLIS » CL2S o+ CL3S 00007845
000023 COMMON CM1S  » CM2S5 » CM3S » CM1S  » CN2S  » CN3S 00007850
000024 COMMON E 'V » PY v PX v PZ 00007855
00002% NN=N 00007860
000026 =112 00007865
060027 c CYLINDER 00007870
000028 = . SD0*R2 00007875
000029 CALL DIRC 06007880
0000630 Y=YBR 00007885
000031 X=XBR 00007890
000032 2=ZBR 00007895
000033 HZR2 00007900
0006034 RZZR1-H 00007905
006035 CALL FOR1 00007910
000036 WC=W1 00007915
000037 YCZYBR 00007920
000038 XC=XBR 00007925
000039 Z¢=ZBR 00007930
Q0U00H0 cY=DY1 06007935
0000141 CX=0X1 00007940
0006042 cz2=pz1 00007945’
300043 C FILLET 00007950
060044 RHO = -RHO 006007955
000045 S=.500%H GO0N7960
000046 CALL DIRC 00007965
800047 Y=YBR 00007970
600048 X=XBR 00007975
000049 Z=ZBR ‘ 00007980
000050 Al= Al | 00007985
600051 Biz -B1 i 00007990
€S 060052 SR ‘ 00007995
1 cooos3 R1=R2 . 00008000
0000654 R2=H | £0008005
000055 CALL FOR102 00008010
000056 WwF= wi 00008015
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000057 YF= YBR 00008020
000058 XF= XBR 00008025
000059 ZF= 7ZBR 00008030
000060 FY= DY1 00008035
000061 FX= DX1 00008040
000062 FZ= DZ1 00008045
000063 RESTORE_INPUT 00008050
000064 RHO= =RHO 00008055
000065 R1= R1+H 00008060
000066 S=H 00008065
000067 CALL DIRC 00008070
000068 Y=YBR 00008075
000069 X=XBR 00008080
000070 Z=ZBR 00008085
000071 Al =Al 00008090
000072 Bl=-n1 0000809%
600073 cl=~C1 00008100
000074 N=NN 00008105
000075 COMBINE CYLINDER AND FILLET 00NN28110
000076 Wl= WC+WF 00008115
000077 YMZ WCKYC + WF*YF 00008120
000078 XMZ WCAXC + WFXF 00008125
T gouo79 ZM= WC*ZC + WF*ZF 0n60AR130
000080 YM2 = WCkYCH%2 +WEAXYF*%2 00008135
200081 XM2Z  WCEXCx%k2 +WFRXF*%2 00008140
000082 ZM2Z T UCHZCH*2 FVFXZF ¥ %2 00008145
500033 YD= CY+FY 00008150
000084 XD= CX+FX 00008155
TTToood8s ZD= TZ+FZ2 C000R160
000086 YBR= YM / Wi 00008165
000087 XBR= XM / Wi 00008170
000088 ZBR= ZM /Wl , 00008175
600089 DY1= XM2 +ZM2 +YD =Wi%*(XBR%*2 + ZBR*%2) 00008180
000090 DX1= YM24ZM2 +XD ~Wilx (YBR**¥2 +ZBR**2) 00008185
000091 TZIZ XM2+YNM2 ™ + ZD -WI¥(YBR*%2 FXBR*x%2) 00008190
000092 RETURN 00008195
000093 END 00008200

9€
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000001 C113FOR 00008205
000002 SUBROUTINE FOR113 00008210
000003 C _ FORMULA 113 ~ INNER QUARTER+ TOROIDAL SHELL _ , 00008215
000004 IMPLICIT REAL*8 (A=H,»0-2) 00008220
000005 DIMENSION HOL(12), W(100),» YB(100), XB(100)s» ZB(100)}» nYNonns22s
060006 1(100)s DX(100)s DZ(100), SWY(100)» SWX(100), SWZ(100)s SWYS(100), 00008230
0u0007 25WXS(100) s SWZ2S{(100), SDY(100)s SDX(100), SDZ(100) 00008235
000008 COMMON PI ) : 00008240
000009 COMMON w1l r _YBR ¢ _XBR ¢ ZRR ¢ DY1 ¢+ DX1 00008245
000010 COMMON D21 » DPY v DPX ¢ DPZ ¢ S o T 00008250
000011 COMMON U r N v K v M v Y v X noona2ss
000012 COMMON _ Z ¢+ RHO ¢ Al r Bl ' C1 » A2 80008260
000013 COMMON B2 r C2 » R1 ¢ R2 » R3 r H 00008265
000014 COMMON B y A » AL ’r WT v YBT » XBT 00008270
000015 COMMON _ ZBT ¢ DYT » DXT » DZT » SWYT » SWXT 0nNo0B275
000016 COMMON  SW2ZT r SWYST » SWXST +» SWZST » SDYT » SDXT 00008280
000017 COMMON  SD2T ¢ HOL P oW ¢ YB » XB ¢ 7B 00008285
000018 COMMON _ DY v DX v DZ ’ SWY + SWX v SWZ 00008290
000019 COMMON  SWYS » SWXS r SWZS v SDY » SDX » SDZ onons29s
000020 : COMMON D1 ¢ D2 » D3 r CLI » CL2 » CL3 00008300
000021 COMMON €M1 e CM2 r CM3 o CN1 » CN2 » CN3 00008305
000022 COMMON A3 + B3 ¢ C3 » CL1S v CL2S » CL3S - 00008310
000023 COMMON CM1S ¢ CM2S » CM3S ¢ CN1S v CN2S » CN3S 00008315
000024 COMMON E PV » PY v PX + P2 000NR320
000025 NN=N ) 00008325
000026 N=113 00008330
000027 ER2=R2 00008335
000028 IF(NN=115) 112,106+112 00008340
600029 112 CcALL FOR112 0n0N8345
000030 GO Yo 120 00008350
000031 106 CALL FOR106 , 00008355
000032 120 wC=w1 ' 00N0B360
600033 YC=YRR 00008365
00603% XC=XBR : 0000R370
000035 ZC=ZBR 00008375
000036 cY=pY1 00008380
T 000037 CX=DX1 00008385
000038 €z=Dpz1 . 00008390
000039 R2ZR3 ) 00008395
000040 RHO= =RHO - 00008400
000041 TF(NN=-115) 212,206+212 00008405
000042 212 CALL FOR11l2 ' 00008410
000043 60 To 220 : C R 00008415
000044 206 CALL FOR106 , 00008420
000045 220 WF=W1 L ' 00008425
000046 , YF= YRR ] 0000AL30
000047 - XF= XBR 00008435
000048 ZF= ZBR : 00008440
000049 FY= DY1 00008445
000050 FX= DXi 00008450
000051 FZ= n21 : 00008455
Efi 000052 c RESTORE INPUT \ 00008460
000053 R2=ER2 : 000N8BYUKS
800054 RHO= =RHO 00008470
006055 N=NN : 00008475

000056 c COMBINE PARTS \ ' 00008480
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000057

W1SWCHWF

00008485

oonosua0
00008495
00008500

000058 YMZWC*YC + WF*YF

000059 XM=WC*XC + WF*XF

000060 ZMZHCHZC + WEXZF

000061 YM2= WCk YC*%2 + WF* YF%%2

000062 XM2z= WCx XC*kx2 + WF* XF%x%2

000063 ZM2= WC* ZC*%x2 + WF* ZF*%2

0u0064 YD= CY+FY

000065 XD= CX+FX

000066 ZD= CZ+FZ

000067 YBR= YM /w1l

000068 XBR= XM / W1

000069 ZBR=_ZM / W1 .
000070 DYlz XM2 +ZM2 +YD =Wl*( XBR*#%2 + ZBR*%2)
000071 DX1z YM2 +ZM2 +XD =W1*( YBR**2 + ZBR*%2)
000072 DZ1= YM2 + XM2 +ZD =Wl {( YBR*%*2 + XBR*%*2)
000073 RETURN

000074 END

00008505
00008510
00008515
0000R520
oo008525
00008530
0000853%
00008540

_ 00008545

00008550
00008555
00008560
00008565
00008570

st




@ ELT FOR114,1+,710420, 60446

0060001 Ci114FOR 06008575
000002 SUBROUTINE FOR11l4 00008580
000003 o FORMULA 114 ~ HOLLOW SPHERICAL SEGMENT 0n0NBSAS
060004 IMPLICIT REAL*8 (A=H/,0-=2) 00008590
000005 DIMENSION HOL(12), wW(100)» YB(10D0)» XB(100), 2B(100)» DY000Q0RS0S
600006 1(100)y DX(100), DZ€100), SWY(100), SEX(100), SWZ(100)s SWYS(100), 0ND0BENO
000007 2SWXS(100) s SWZ5(100)» SDY(100)» SDX(100)s SDZ(100) 00008605
000008 COMMON PI 00008610
600009 COMMON Wl » _YBR » XBR ¢+ ZBR » DY v DX1 00008615
000010 COMMON DZ1 » DPY » DPX » DPZ ' S o T 00008620
000011 COMMON U ¢ N v K ' M 'Y » X 0000RA25
006012 COMMON _ Z ¢ RHO ¢ Al » Bl ! v A2 00008630
000013 COMMON B2 » C2 » R1 » R2 v R3 » H 00008635
000014 COMMON B y A r AL ¢ WT ¢ YBT + XBT 00008640
000015 COMMON _ 7BT e DYT ¢+ DXT. v DZT v SWYT _ SWXT 00008645
000016 COMMON  SWZT ¢ SWYST , SWXST » SWZST » SDYT v SDXT 00008650
000017 COMMON SDZT  + HOL W » YB ¢ XB + 2B 00008655
0009018 COMMON__ DY e DX_ v D2 r_SWY o _SWX » _SWZ __.000086&0
000619 COMMON  SWYS v SWXS r SWZS ¢ SDY » SDX v SDZ 00008665
000020 COMMON D1 y D2 » D3 » CL1 » CL2 r CL3 00008670
____0o0po21 COMMON _ CM1 v CM2 r_ CM3 » CN1 »_CN2 » CN3 06008675
000022 COMMON A3 s B3 » C3 ¢ CLIS » CL2S , CL3S 00008680
000023 COMMON CM1S  , CM2S s» CM3S  » CN1S » CN2S » CN3S 00008685
_ouonay COMMON _E 'V ¢ PY v PX v PZ 0Nu08690
Taoones MNN=N 00008695
000026 N=11y 00008700
000027 B=R3 60008705
000028 ER1=R1 00008710
000029 CALL FOR104 000N8715
000030 WC=W1 00008720
000031 YC= YBR 00008725
000032 XC=XBR 00008730
000033 ZC= 7BR 00008735
TTTu00038 CY=pYY 00008740
000035 CX=0X1 00008745
0Go036 c2=pz1 00008750
00037 RIZR2 00008755
2000038 RHO = =RHO 00008760
000039 CALL FOR104 00008765
000040 WFZW1 00008770
000041 YFZYBR 60008775
600042 XF=XBR 00008780
000043 ZF=Z8R 000N8785
000044 FY=DY1 00008790
000045 FX=DX1 00008795
000046 FZ=Dz1 00008800
000047 c RESTORE INPUT 00008805
000048 R1= ER1 00008810
000049 RHO = =RHO 00008815
000050 N=NN 00008820
800051 c COMBINE PARTS 00003825
000052 WISWC+WF 00008830
000053 YM= WC*YC +WF*YF 00008835
(© oooos54 XM= WCAXC +WF*XF , 00008840
0000655 ZM= WC*ZC +WF*2ZF ‘\ 00008845
000056 YM2= WCRYC*%2 +WEXRYF%*2 000088%0
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000057 XM2= WCHXC*%2 +WFRXF%x*2 00008855
000058 ZM2Z WC*ZC**2 +WFRZF*%*2 00008860
000059 YD= CY+FY 00008865
0060060 XD= CX+FX 000NBRA70
000061 7D= CZ+F2 00008875
000062 YBR= YM / Wi 00008880
000063 XBR= XM / W1 00008885
000064 ZBR= ZM / w1 ! 00008890
000065 "DYLxz XM2 + ZM2 4+YD =Wlx({ XBR*%2 + ZBR*%*2) 0000R89S
006066 DX1= YM2 + ZM2 +XD =Wlk{ YBR#*%2 + ZBR**2) 00008900
000067 DZ1 =YM2 + XM2 +ZD ~Wlx( YBR**2 + XBR**2) 00008905
000068 RETURN 00008910
000069 ‘END 00008915

§3%
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@ ELT FOR115,1+,710420, 60447

]
0090001 C115FOR 00008920
000002 SUBROUTINE FOR115 00008925
000003 c FORMULA 115 ~ OUTER QUARTER: TOROIDAL SHELL 00008930
000004 IMPLICIT REAL*8 (A-H,0~2) 00008935
000005 DIMENSION HOL(12)» w{(100), YB(100), XB(100), ZB(100), DY00008940
000008 1(100)e DX(€100)» DZ(100), SWY(100)s SWX(100),» SWZ(100). SWYS(100)» 00008945
000007 2SWXS(100)» SWZS(100),» SDY(100)e SDX(100), SDZ(100) 00008950
000008 COMMON PI 00008955
000009 COMMON W1 » _YBR » XBR » 2BR » DY1 » DX1 00008960
000010 COMMON D21 » DPY » OPX v DPZ r S e T 00008965
000011 COMMON  J r N v K ' M r Y r X 00008970
000012 COMMON 2 + _RHO » Al » Bl » C1 r A2 00008975
000013 COMMON B2 r C2 » R1 v R2 » R3 r H 00008980
000014 COMMON B » A » AL v WT » YRT » XBT 00008985
000015 COMMON _ ZRT » DYT e DXT v DZT r SWYT o SHXT 00008990
00u01le COMMON  SWZT ¢ SWYST , SWUXST » SWZST » SDYT ¢+ SDXT 0n00AR99s5
coo017 COMMON  SDZT » HOL . r W v YB v XB » 28 000039000
000018 COMMON __DY v DX - » DZ_ e SuWY ) SWX v SWZ 080009005
000019 COMMON  SWYS v SWXS » SWZS Y SDY + SDX ¢ SDZ 00009010
000020 COMMON D1 v D2 r D3 » CL1 v CL2 » CL3 0n00e015
000021 COMMON _ €M1 v CM2 ) CM3 » CMY s CN2 » CN3 00009020
000022 COMMON A3 » B3 r C3 v CL1S » CL2S » CL3S 00009025
000023 COMMON  CM1S » CM2S » CM3S + CN1S r CN2S » CN3S 00009030
___boooas COMMON E » V r PY r PX r P2 00009035
0500025 NNZN 00009040
goo026 N=115 00009045
000027 CALL FOR113 00009050 . _
go0028 M=NN 00009055
000029 RETURN 00009060
000030 END 00009065
b \
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@ ELT FOR116,1+710420, 60448

000001 C116FOR 06009070
000002 SUBROUTINE FOR116 00009075
000003 C FORMULA 116 ~ AXIAL SEGMENT OF SOLID TORUS 000090AR0
0000CH IMPLICIT REAL*8 (A=H,0=Z) 000090R5
000005 DIMENSION HOL(12)r W(100)s» YB(100), XB(100), 2B(10N) DYO00090290
000006 1(100)s DX(100)» DZ(100), SWY(100),» SWX(100), SWZ(100)s SWYS(100)s 00NNANGS
000007 2SWXS(100) s SWZS(100), SDY(100)r SDX(100), SDZ(100) 00009100
000008 cOMMON  PI 00009105
000009 COMMON w1 » YBR » XBR » ZBR ¢ DYL » DX1 00009110
000010 . COMMON DZ1 » DPY » DPX » DPZ ¢ S e T 00009115
000011 COMMON J » N v K ' M P ¢ r X 00009120
000012 COMMON Z + RHO ¢+ Al v Bl v C1 v A2 00009125
000013 COMMON B2 y C2 v R1 ' R2 r RS r H 00009130
000014 . COMMON B v A r AL v WY » YBT ¢ XBT 00009135
000015 COMMON  2BT + DYT v DXT » DZT ¢+ SWYT r SWXT 00009140
000016 COMMON SWZT ¢ SWYST , SWXST » SWZST o+ SDYT » SDXT 00009145
0006017 COMMON  SDZT » HOL » W r YB » XB ¢ 28 00009150
000018 COMMON__ DY ) DX v DZ ¢ SWY ¢+ SWX » SW2 00009155
000019 COMMON  SWYS » SWXS » SWZS + SDY » SDX v SDZ 00009160
000020 COMMON D1 ¢ D2 » D3 + CLL » CL2 ¢ CL3 00009165
000021 COMMON CM1 ¢ CM2 » CM3 » CN1 ¢ CN2 + CN3 00009170
600022 COMMON A3 r B3 ) C3 » CLIS r CL2S ¢ CL3S 006009175
000023 COMMON CM1S ¢ CM2S » CM3S r CM1S » CN2S » CN3S 00009180
000024 COMMON E )y V v PY ¢ PX ' PZ 00009185
000025 NNEN 00009190
000026 M=1l6 00009195
000027 H=H=-R2 00009200
o0U028 ACEDATANZTOSORT(R2Z*%x2-H**2 ) yDABS (H) ) 0000920%
000029 E1=.5D0*%PY*RHO*R1¥R2%*2 00009210
QL0030 ' E2= PI-.5D0*(2,0D00%AL-DSIN(2.0D0%AL)) 00009215
000031 £35 2. 0D0FTDSINTALY Y *%3 , 00009220
000032 IF(H) 20,30+30 00009225
000033 20 g2z PI=-E2 ) 00009230
00003y 30 WIS L. ODO*EI#ES 00009235
000035 Sz R2%E3 /(3,0D0%E2) 00009240
000036 CALL DIRC ] 00009245
000037 DPY= EL*(E2 *(4,000*xRI*%2 +3,0D00%R2*%2) +H*R2*E3) 006009250
000038 DPX= +SDO¥E1*(E2%(4,0D0%R1%%2 +5,0D0%R2%%2) ~HXR24E3) =W1¥Skx2 00009255
000039 DPZ=pPX ) 00009260
006040 CALL DELTA ‘ 00009265
000041 N=NN 00009270
006042 H=H+R2 ! - 00009275
000043 RETURN ; 00009280

000044 END . . 00009285
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@ ELT FOR117,1.,710420, 60450

000001 C117FOR 00009220
000002 SUBROUTINE FOR117 . 00009295
000003 o FORMULA 117 = AXIAL SEGMENT OF HOLLOW TORUS 00005300
000004 ‘IMPLICIT REAL*8 (A-H/,0=2) 00009305
000065 DIMENSION HOL(12), W(100)s YB(100): XB(100)» ZB(100). DY00009310
000006 1(100)s DX(100), DZ(100), SWY(100),» SWX(10N), SWZ(100)¢ SWYS{(100), 00009315
006007 25WXS(100), SW2S(100), SDY(100)» SDX(100)s SDZ(100) 00009320
000008 COMMON P1 ' 00009325
000009 COMMON w1 ¢+ _YBR » XBR » ‘ZBR e DY1 » DX1 00009330
000010 COMMON DZ1 + DPY ¢ DPX » DPZ ' S e T 00009335
000011 COMMON U v N r K P M v Y v X 00009340
000012 COMMON _ Z » RHO v Al ¢+ B1 » C} » A2 00009345
000013 COMMON B2 ) C2 y R1 ¢ R2 r R3 e H 00009350
000014 COMMON B v A r AL ¢ WT ¢ YBT ¢ XBT 00009355
000015 COMMON __ 2BT » DYT e DXT v DZT + SWYT ¢+ SWXT 00009360
000016 COMMON  SWZT ¢ SWYST ,» SWXST o+ SWZST » SDYT ., SDXT 00009365
000017 COMMON  SDZT » HOL oW ’ YR » XB r 2B 00009370
000018 COMMON DY e DX e DZ »_SHY ’_SHX »_SWHZ 00009375
000019 COMMON  SWYS » SWXS » SWZS ¢ SDY » SDX y SD2Z 00009380
000020 COMMON D1 y D2 ¢ D3 v CL1 ' CL2 + CL3 00009385
000021 COMMON  CM1 ' CM2 ) CM3 s CM1 ¢ CN2 r CN3 00009390
go0d22 COMMON A3 + B3 r C3 r CLIS » cL2sS » CL3S 000093905
000023 COMMON CM1S ¢ CM2S  , CM3S » CN1S » CN2S + CN3S 00009400
000024 COMMON E PV ' PY ¢ PX v PZ 00009405
000025 NNZN 00009410
000026 NZ117 00009415
000027 EH=H 00009420
TG 028 ERIZRZ 00009425
000029 CALL FOR116 00009430
0000390 wC= w1 00009435
006631 YCETYBR 00009440
000032 XC= XBR 000N944S
000033 ZC= ZBR 00009450
T 000035 CY=DY1 00009455
006035 CX= DXI 00009440
000036 €cZ= p21 00009465
T ouo0e37 = H~R2+R3 00009470
000038 R2=R3 00009475
000039 RHO= =RHO 00009480
000040 CALL FORI116 00009485
000041 wF=w1 00009490
000042 YF= YBR 00009495
000043 XF= XBR 00009500
000044 ZF= ZBR , 0n009505
000045 FY=DY1 00009510
000046 FX=DX1 00009515
000047 F2=Dz1 00009520
000048 wl= wC +wf 00009525
T 000049 YM= WCHYC +WF*YF 00009530 -
000050 XM= WCXC +WF*XF 000095325
000051 ZM= WC*ZC +WF*2F . : 00009540
000052 YM2Z WCHYC*%2 + WF*YF*%2 \ 00009545
oy 000053 XM2= WCEXCk*2 + WFAXF**%2 ! 00009550
000054 ZM2Z WCHZC*%2 + WFXZF**2 00009555
&O—o0d0ss YO= CY+FY 00009560
800056 XD= CX+FX 00009565
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000057 ZD= CZ+FZ 00009570
000058 YBR= YM / Wi 00009575
000059 XBR= XM / W1 00009580

000060 ZBRz= ZM /W) 00009585
000061 DYLIZ XM2+4ZM2 +YD <Wi%( XBR¥#2 +ZRR*%2) 00009590
000062 DX1Z YM2+ZM2 +XD =W1*( YBR**2 +ZBR¥%2) 00009505
000063 DZ1= YM2+XM2 +ZD =W1%( YBR¥*2 +XBR**2) 00009600
000064 N=NN 00009605
000065 RHO=-RHO 00009610
000066 HZEH ' 00009615
000067 R2=ZER2 00009620
000068 RETURN 00009625
000069 END 00009630

4%
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000001 C118FOR 00009635
000002 SUBROUTINE FOR118 0n009640
000003 c FORMULA 118 = RADIAL SEGMENT OF SOLID TORUS 00009645
000004 IMPLICIT REAL*8 (A=H/s0-2) 00009650
. 000005 DIMENSION HOL(12), W(100)» YB(100), XB(100),» 28(100), DY00009655
000006 1(100),_DX{(100), DZ(108), SWY(100), SWX(100), SWZ(100), SWYS(100)r» 00009660
000007 2SWXS(100)» SWZS(100), SDY(100)s SDX(100), SDZ(100) 00009665
000008 COMMON  PI 00009670
000009 COMMON w1 ¢+ YBR » XBR » ZRR » DY1 + DX1 00009675
000010 COMMON Dz1 ¢+ DPY » DPX » DPZ ' S ) T 00009580
000011 COMMON  J ¢ N v K ' M ' v X 00009685
000012 COMMON _ Z » RHO » Al » Bl » €1 r A2 00009690
000013 COMMON B2 v C2 . 4 R1 ' R2 y R3 y H 00009695
000014 COMMON B y A v AL y WT ¢ YBT » XBT 00009700
000015 COMMON _ 7BT . DYT . DXT B vas » SWYT o+ SWXT 00009705
000016 COMMON  SWZT  » SWYST , SWXST » SW2ST o+ SDYT » SDXT 00009710
000017 COMMON SDZT  » HOL v oW ' YB r XB v 28 00009715
000018 COMHON __ DY + DX » D2 r SWY . SuX r SWZ 00009720
000019 COMMON SWYS o+ SWXS  + SWZS ¢ SDY ¢+ SDX » SDZ 00009725
000020 COMMON D1 » D2 » D3 » CLA y CL2 » CL3 00009730
000021 COMMON _ cM1 ) CM2 » CM3 . CN1 ) CN2 r_CN3 00009735
006022 COMMON A3 » B3 y C3 » CL1S » CL2S5 s CL3S 00009700
000023 COMMON CM1S ,» CM2S » CM35 » CMIS + CN2S o+ CN3S 00009745
_ 00002& COMMON _E 'V r PY » PX v P2 00009750
000025 NNZN 00009755
600026 NS11g 00009760
000027 EH=H 00009765
000028 H=H-R2 00009770
000029 T= 2,0D0*DSQRT(R24%2 ~H*%2) 00009775
0006030 AL=DATAN2 (. 5D0%T»DABS (H)) 60009780
006031 E1Z.5D0*PI#RHOFR L ¥R2** 2 00009785
000032 E2= PI=-,5D0*(2.0D0%AL =DSIN(2,0D0%AL)) 00009790
000033 E3= 2.0D0/R1*R2/15.0D0% (DSIN(AL) ) **3 00009795
000034 IF(H) 20+30,30 00009800
000035 20 g2z pPI-E2 00009805
000036 30 wil= ,8%DOE1*( 5.,0D0%E2 +E3) 00069810
00037 S=0.000 00009815
000038 CALL DIRC 00009820
000039 DPY= E1#( E2%(4,0D0*R1*%2 +3,0D0%R2%%2) +T3%(60. ODO*RI**Z ~45,0D0%00009825
000040 1IR1*H +12,0D0% H*%2 +8+0D0*R2%%2)) 00009830
000041 DPX= +SDO*DPY +E1x( E24R2%%2 +E3%(T#2 +5.0D0%R1%H)) 00009835
000042 DP2=pPX 00009840
000043 CALL DELTA 00009845
000044 N=NN 00009850
000045 HZEH 00009855
000046 RETURN 00009860 ==
000047 END 00009865
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000001 C119FOR T 00009870
000002 SUBROUTINE FQR119 00009875
000003 C FORMULA 119 = RADIAL SEGMENT OF HOLLOW TORUS 006009880
000004 IMPLICIT REAL*8 (A-H/,0-2) 00009885
000005 DIMENSION HOL(12), wW{100),» YB(100), XB(100),» ZB(100)}, DY00009890
000006 1(100)» DX(100)s DZ(100), SWY(100), SWX(100), SWZ(100)s SWYS(100). 00009895
000007 2SWXS(100) s SWZS(100), SOY(100) s SDX(100)+ SDZ(100) 00009900
000008 COMMON  PI 00009905
000009 COMMON w1 ¢+ _YBR » XBR____ ¢+ ZBR___» DY1 2 DX1 00009910
000010 COMMON DZ1 » DPY » DPX » DPZ ' S v T 00009915
000011 COMMON  J ¢ N ' K ¢ M Y v X 00009920
000012 COMMON  Z » RHO » Al » B1 y C1 v, A2 06009925
T 000013 cOMMON B2 » C2 ¢ R1 v R2 » R3 » H 00009930
000014 . COMMON B v A » AL v WT » YBT » XBT 00009935
040015 COMMON _ ZBT ' DYT » DXT » DZT ¢+ SWYT r SWXT 00009940
000016 COMMON  SWZT » SWYST » SWXST + SWZST » SDYT r SDXT 00009945
000017 COMMON  SDZT » HOL ' W » YB » XB v 2B 00009950
000018 COMMON__ DY » DX s DZ v SWY r SWX v SWZ 00009955
000019 COMMON ™~ SWYS r SWXS y SWZS ¢ SDY r SDX v SDZ 00009960
000020 COMMON D1 ) D2 v D3 v CL1 y CL2 » CL3 00009965
000021 COMMON  CM1 y CM2 » CM3 » CN1 » _CN2 » CN3 00009970
000022 COMMON A3 ) B3 » C3 v CL1S » CL2S » CL3S 00009975
000023 COMMON CM1S » CM2S » CM3S v CN1S r CN2S ¢ CN3S 00002980
000024 COMMON E vV ' PY s PX ' P2 00009985
000035 FN=N 00009990
000026 NZ119 00009995
000027 EFHZH 00010000
000028 ER2=ZR2 00010005
000029 CALL FOR118 00010010
000030 WC= wi 00010015
000031 CY=DYI 00010020
000032 CX= DX1 00010025
000033 cZ= D21 00010030
000034 . HZ H=RZ¥R3 000610035
000035 R2 = R3 00010040
000036 RHO= ~RHO 00010045
06037 CALL FORi18 00010050
000038 wizwi +wC 00010055
000039 DY1= DY1+CY 00010060
600040 DX1= DX1+CX 00010065
000041 DZ1= DZ1+CZ 00010070
000042 N=HNN 00010075
006043 RHO ==RHO 00010080

- 000044 H= EH 00010085
000045 R2= ER2 00010090
0006046 RETURN 00010095
006047 END 00010100

b3} %
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000001 C120FOR - 77 oo010105
000002 SUBROUTINE FOR120 ‘ 00010110
000003 C __FORMULA 120 - RADIAL SECTOR OF sonrn TORUS _ 10=23-62 00010115
000004 IMPLICIT REAL*8 (A=H,0-~2) 00010120
000005 DIMENSION HOL(12), W(100), YB(100),» XB(100), 28(100) pyooo10125
000006 1(100)+» BX(100)r DZ(100), SWY(100), SWX(100), SWZ2(100)r SWYS(100), 00010130
. 000007 . 25WXS(100)» SWZS(100), SDY(lOO)v SDX(100), SDZ(100) 00010135
000008 COMMON PI 00010140
066009 COMMON _ W1 » YBR ¢+ XBR r 78R » DY1 » DX1 00010145
C00010 COMMON DZ1 » DPY » DPX v DPZ ¢ S ' T 00010150
gooo1Ll COMMON  J ¢y N r K Y v Y ’r X 00010155
000012 COMMON _ Z s RHO v Al s B1 v Ci » A2 00010160
000013 COMMON B2 y C2 r R1 ¢ R2 » R3 » H 00010165
00U01L COMMON B v A o AL v WT » YBT » XBT 00010170
000015 COMMON__ ZBT e DYT s+ DXT » DZT v SWYT v SWXT 00010175
: 000016 COMMON  SWZT » SWYST o+ SWXST o+ SWZST » SDYT v SDXT 00010180
= 06017 COMMON  SD2ZT ¢ HOL v W v YR » XB v 28 00010185
i ____oooots COMMON__ DY r_ DX » DZ v SWY____r SWX ' _SWZ 00010190
- 00U019 COMMON SWYS » SWXS » SWZS ¢ SDY r SDX r SDZ 00010195
5 000020 COMMON D1 » D2 v D3 v CLY v CL2 v CL3 00010200
< 000021 COMMON__ CM1 » CM2 » CM3 r CN1 » CN2 ¢+ CN3 00010205
j goco22 COMMON A3~ » B3 r C3 ;i CL1S » CL2S ¢ CL3S 00010210
- 000023 COMMON CM1S » CM2S » CM3S v CNI1S ¢ CN2S » CN3S 00010215
gooo2y COMMON _E 'V v PY » PX v PZ 00010220
060025 NN=N 00010225
£00026 Nzl1l20 - 80010230
000027 PHI = PI*R3 /180.000 00010235
000028 ' ALF = PI*H / 360.0D0 000106240
000029 Q= 2,0D0*PI*RHO *R2%%2 00010245
000030 T1 = PHI-ALF : 00010250
000031 T2Z PHI +ALF 00010255
000032 SN1 =DSIN(T1) : ’ ‘ , 00010250
000033 SN2 =DSIN(T2) : 00010265
00F03Yy €S1 =pCostT) - 00010270
000035 . €S2 =DCoS(T2) 00010275
000036 F1z C£S2-CS1 00010280
000037 E2Z gN2=5N1 . 00010285
000038 E3= .SDO*(SN2%%2 =SN1%%2) 00010290
000039 E4= ,5D0%(SN2#CS2 = SN1%CS1) : 00010295
000040 E5= (CS2%*3 =CS1%*3) /3,0D0 00Nn103n0
000041 W1= 0*(R1*ALF -E1*R2/3,000) 00010305
609042 S= Q/W1xR2 *(E2%R1/3.,0D0+ E3*R2/4.00D0) 00010310
000043 G61= ,7500% (ALF=E4) ) 00010315
000044 62= ,2D0*(ES-E1) , ' 00010320
00gous 63= ALF*S**2 *R1 _ 00010325
000046 . GU= —S/3.0D0%(2,0DOFES*R1 +E1%S) 00010330
000047 o G5= ,25D0 *{R1*x(ALF+EU4) =2.0D0%*E3%S) ' 00010335
000048 G6= =.2D0 *ES - 00010340
7006049 CALL DIRC 00010345
! 000050 DPY= @k (ALF*R1%%3 = E1%R1%%2 *R2 +G1kR1*R2%%2 + G2%R2%*3 ) 00010350
000051 DPX= +5D0#DPY +Q*(G3+G4%*R2 +G5*¥R2**2 +G6*R2%%3 ) 00010355
000052 DPZ= DPX | 00010360
000053 CALL DELTA i 0n010365
h-xoopqsu N=NN 00010370
&} 00G0SS RETURN B 60010375

000056 END . ‘ 00010380
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060001 C121FOR 00010385
000002 SUBROUTINE FOR121 00010390
600003 c FORMULA 121 - RADIAL SECTOR OF A HOLLOW TORUS 00010395
000004 IMPLICIT REAL*8 (A=H»0=2) 00010400
000005 DIMENSION HOL{(12),» W(100)s YB(100), XB(100), 28(100) DY00010405
000006 1(100)» _DX(100)» DZ(100), SWY(100)» SWX(100),» SWZ(100)r SWYS(100)s, 00010410
600007 2SWXS(100)» SWZS(100), SDY(100)» SDX(100), SDZ(100) 00010415
000008 COMMON PI 00010420
000009 COMMON _ W1 v YBR v XBR r 28R + DY1 e DX1 00010425
000010 COMMON DZ1 » DPY » DPX + DPZ ;) S v T 00010430
000011 COMMON U s N ' K v M ' Y v X 00010435
000012 COMMON 2 + RHO » AL+ BL s Cl v A2 00010440
000013 COMMON B2 )y C2 ¢ R1 v R2 » R3 ¢ H 00010445
000014 COMMON B v A » AL ' WT » YBT r XBT 00010450
000015 COMMON _ ZBT ¢ DYT ¢ DXT _ » DZT 1 SWYT s SWXT 00010455
000016 COMMON  SWZT v SWYST 5 SWXST » SWZST » SDYT ¢+ SDXT 00010460
000017 COMMON SD2ZT ¢ HOL v W » YR » XB v ZB 00010465
200018 COMMON DY ’ DX » DZ s SWY v SwWX r SW2 00010470
000019 COMMON  SWYS r SWXS y SWZS » SDY » SDX v SDZ 00010475
000020 COMMON D1 » D2 v D3 v CL1 » CL2 s CL3 00010480
000021 COMMON  CM1 ¢ CM2 ) CM3 ¢ CN1 » CN2 + CN3 00N10485
pou2z2 COMMON A3 » B3 y C3 » CL1S » CL2S ¢ CL3S 00010490
000023 COMMON CM1S r CM2S » CM3S r CN1S » CN2S » CN3S 00010495
000024 COMMON E 'V v PY ¢+ PX ' P2 00010500
060025 c SAVE INPUT 06010505
000026 NN= N 00010510
000027 Nz 121 00010515
500028 ERZ = R2 00010520
000029 ER3 = R3 00010525
000030 C OUTER SECTOR 00010530
§00031 R3=AL 00010535
000032 CALL FOR120 00010540
000033 we= wi 00010545
00003% YC= YBR 600610550
000035 XC= XBR 00010555
000036 2C= ZBR 00010560
000037 cY= DYI1 00010565
000038 CX= DX1 00010570
000039 c2= pZ1 00010575
000040 c INNER SECTOR 00010580
000041 RHO = =RHO 00010585
060042 R2 = ER3 00010500
000043 CALL FOR120 00010505
000044 WF= wi 00010600
000045 YF= YBR 00N10605
0000486 XFZ XBR 00010610
o0u047 ZF= ZBR 0no1N61s
000048 FY= DY1 00010620
300049 FX= DX1 00010625
' 000050 Fz= DZ1 00010630
000051 C RESTORE INPUT 00010635
000052 R2 = ER2 | 00010640
‘ 000053 R3= ER3 ! 00010645
B 000054 RHO= =RHO 00010650
L ouo0s5 N= NN 00010655
000056 o COMBINE PARTS 00010660
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000057 Wiz wC +WF 00010665
000058 YM= WCAYC + WF*YF 00010670
000059 XM= WCHXC + WF*XF 00010675
000060 IM=_VWC*ZC + WF*ZF 000106R0
000061 YN2Z WCHYCH¥2 + WFHYF**2 00010685
000062 XM2= WCHXC*#2 + WFkXF*%2 00010690
0000563 ZM2z MC*ZC**2 + WEHZF¥#2 00010695
000064 YD= CY+FY 00010700
000065 XD= CX+FX ' 00010705
000066 ZD= CZ+F2 00010710
000067 YBR= YM / W1 00010715
000068 XBRz XM / Wil 00010720
000069 ZBR= ZM_/ W1 . 00010725
000070 DYL1= XM2 +ZM2 +YD -W1¥(XBR*¥XBR + ZBR*ZAR) 00010730
000071 DX1= YM2 +ZM2 +XD =W1*(YBR*YBR + ZBR¥ZBR) 00010735
000072 DZ1= XM2 +YM2 +2D =W1*(XBR*XBR + YBR*YBR) 00010740
000073 RETURN 00010745
000074 END 00010750

(1%
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000001 C122FOR 0n0107585

000002 SUBROUTINE FOR122 00010760

000003 C FORMULA 122 =~ AXTAL_SEGMENT_ OF HOLLOW ELLIPTICAL SPHEROID 00010765

000004 IMPLICIT REAL*8 (A=H,0-2) 00010770

000005 DIMENSION HOL(12), wW(100),» YB(100):» XB(100), ZB(100)» DYNQ010775

000006 1(100)r DX(100)» DZ(100) s SWY(100), SWX(100)e SWZ(100)e» SWYS(100)s 00010780

: 000007 2SWXS(100)» SWZS(100), SDY(100)s SDX(100), SDZ(100) 00010785
000008 COMMON PI 00010700

000009 COMMON w1 » _YBR ¢ XBR » ZBR v DY1 »_DX1 00010795

000010 . COMMON  DZ1 » DPY » DPX r DPZ v S e T 00010800

000011 COMMON U ¢+ N r K ' M r Y r X 00010805

600012 COMMON Z ¢ RHO ¢ AL ¢ B1 ' C1 » A2 00010810

0ogeis COMMON B2 r C2 ¢ R1 ¢+ R2 » R3 » H 00010815

000014 COMMON B ¢ A ¢ AL ¢ WT v YBT v XBT 06010820

000015 COMMON _ ZBT » DYY » DXT v D2T » SWYT » SWXT 00010825

2 000016 COMMON  SWZT r SWYST SWXST » SWZST » SDYT » SOXT 00010830
¥ 000017 COMMON  SDZT » HOL ’ r YR ¢ XB v 28 00010835
£ 000018 COMMON DY 4 DX _Lﬁoz LA v SWX » SW2 00010840
- Qo001 COMMON SWYS r SWXS » SWZS ¢ SDY » SDX r SDZ 00010845
¢ 000020 . COMMON D1 » D2 ¢ D3 » CL1 ¢ CL2 r CL3 00010850
2 gooo21 COMMON €M1 » CM2 r CM3 s CM1 ¢+ CN2 ¢ CN3 00010855
§ TTTubgo22 COMMON A3 r B3 y C3 y CL1S » CL2S v CL3S 00010860
000023 COMMON CM1S r CM2S ¢ CM3S » CN1S » CN2S » CN3S 00010865 -

cooo2u COMMON E 'V » PY ¢ PX v P2 00010870
000025 ¢ PRELCIMINARY COMPUTATIONS 00010875
000026 6=R1=R3 00010890

000627 C=R2-H 00010885
000028 FZR2=R3 00010890
0000629 TL=Z H~R3 00010825

000030 TM= G/F 00010900
000031 TNZ R1IZR2 . 00010905
000032 D= (R14G)*(R1-G) 00010910

000033 U= (TN+TM) % (TN=-TM) : 00010915

00003 E1S(F*F+F%C ¥#C*C) 73.0 : . 00010920

000035 E2=(R2*%R2 + R2%F +F*F) /3.0 . 00010925

000036 E3=(3.0D0%E1 *FxF +C**3 *(F+C))/5.000 00010930

000037 E4=(3,0D0 *E2 *R2*%R2 +F**3 *(R2+F)) /5,000 00010935

000038 TJ= R1%R1 +G6%*G ] 00010940

000039 TK= _TN*TN + TM*TM 00010945

000040 9= R3* (R1*R1¥E2~TN*TN*EL) 00010950

000041 Piz (D*E1-U*E3) *TL 00010955
____oooo42 P2-_B3 % (R1*¥R1 =TNXTN %*E2) 00010960
000043 P3= (D-UxEIY * TL : 00010965

000044 C WEIGHTr C.Ger AND DELTA VALUES . 00010970

000045 W1z PI*RHO *{(P2+P3) ) 00010975
000046 ] §=70.25006 7(P2+P3) *(TL*(F+C) *(2.0D0%D ~1J * (F*F +C*C)) +R3 *(R2+000109A0
000047 ' 1IF)*{(2.0D0%R1*R1 ~TN*TN % (F*F +R2%R2))) =C . 00010985

000048 CALL DIRC 00010990

600049 DPY= 0.500 *PI*RHO*(TJ*P3 =~TK*P1 +R1%R1%P2 =~Q*TN*TN) 00010995

000050 DPX= 0.,5D0%DPY +PI*RHO *(P1+Q) =Wl *(S+C)*%2 00011000

000051 DPZ= DPX : 00011005

000052 CALL DELTA \ 00011010

G oooos3 RETURN ‘ : 00011015
©  oooos END _ 00011620
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@ ELT FOR123,1,710420, 60460

000001 SUBROUTINE FOR123 00011025
000002 FORMULA 123~ CIRCULAR OGIVE OF REVOLUTIOM 00011030
000003 IMPLICIYT REAL*8 (A=H,0-Z) 00011035
000004 DIMENSION HOL{12), w(100), YB(100), XR(100), ZR(100) s DYDOO011040
000005 1(100)s DX(100)» DZ(100), SWY(100),» SWX{100)» SWZ(100)s, SWYS(100)s, 00011045
- 000006 2SWXS(100), SWZS(100), SDY(lOO)v sDX(100), SDz(100) 000110590
000007 COMMON PI 00011055
000008 COMMON W1 ¢ YBR » XBR ¢+ ZBR ¢ DY1 ¢ DX1 00011060
000009 comMmoN D21 + DPY ¢ DPX + DPZ ¢+ S v T 00011065
000010 COMMON  J r N v K s M y Y X 00011070
000011 COMMON 2 r RHO y Al ¢ B2 r C1 r A2 00011075
_____Dbogo12 COMMON _ B2 » C2 ¢ R1 + R2 ¢+ R3 s H 000110R0
7000013 COMMON ™ B’ r A » AL ' WT r YBT ¢ XBT 00011085
000014 COMMON 2BT » DYT v DXT v D2T r SWYT ¢ SWXT 00011090
000015 COMMON__ SWZT v SWYST _» SWXSY _» SWZST _ ¢ SDYT »_SDXT. 00011095
000016 COMMOM  SD2ZT ¢ HOL W r YB ¢ XB 4] 00011100
000017 COMMON DY r DX ¢ DZ » SHY v SWX » SWZ 00011105
000018 COMMON___SWYS v SWXS v SWZ2S v SDY e SDX r. SDZ 00011110
000019 COMMON D1 y D2 v D3 » CL1 v CL2 » CL3 N0011115%
000020 COMMON  CM1 r CM2 » CM3 ¢ CN1 ¢ CN2 r CN3 00011120
000021 COMMON__ A3 ¢ B3 r C3 v CLAS e CL2S o CL3S 00011125
goo0g22 COMMOMN  CM1S v CM2S » CM3S » CNI1S r CN2S » CN3S 00011130
000023 COMMON E ' V r PY v PX ¢ P2 00011135
000024 REAL * 8 MsKol, 00011140
000025 PRELIMINARY COMPUTATIONS 00011145
000026 M= (R2=R3)/H 00011150
000027 K=0,5D0%(H - (R2#*R2-R3%*R3)/H) _000111KR5
000028 B= (M*xK=R2 +DSORT (( R2=M*K)**2 =(R2*R2 +K*K = R1#* 00011160
000029 IR1)I%{1.0D0+M%xM))) /(L.0DO+M*M) : 00011165
060030 A = M¥B -K o 00611170
000031 L=A+H 00011175
000032 C = R1%R1 + Bx*B 00011180
000033 F =DSORT(RIxR1=-L*t) ) L _00N111RS
000034 G =DSART(RI¥R1=-A%A) — o ) 00011190
000035 E = L¥F =A*G + R1*R1*(DATAN2(LsF) =DATAN2(A,G)) 00011195
000036 U ;_B* (A*G¥*3 ~L*F**3 +0.5D0*R1%R1 .*E) 00011200
000037 P3 S H¥{3.0D0%A*L + H*¥H)/3.0D0 00011205
000038 PS5 = Hax(Lxxy + AxL*%3 +LxLxA*xA + L*kA%*3 +A%x4)/5,000 00011210
000039 Wl = PI*RHO*(CxH=B*E~P3) 000611215
000040 S = (PI*RHO/W1)* (0.5D0%CkH* (L+A) ~0.25 DO*H*‘Z.ODO*A*(? ODO*L*L=-00011220
000041 1A%H) +H%%3) = (2. 000*8/3 ODO) *(G**3 ~F*%x3)) -=A 00011225
____0ooo42 CALL DIRC 00011230
000043 COMPUTE DELTA VALUES 00011235
006044 DPY =045D0% PI*RHO*( H*(C*C + 4.0D0% R1*R1*B*B) =2.0D0*P3%(C +2.0 00N11240
000045 1x¥B#B) + PS5 =2.0D0*B*C*E_ +U) . . 00011245
000046 DPX =D.5D04DPY =-W1*(A+S)#%2 + PIx RHOX (C*P3 =P5=0,5D0*) 00011250
000047 COMPUTE DELTA VALUES IN COMMON REFERENCE AXIS SYSTEM 00011255
000048 CALL DELTA o 00011260
000049 RETURN ; 00011265
END | 00011270

¢y 000050
\




@ ELT FOR124,1+710420, 60461

000001

SUBROUTINE FOR12% 00013830
000002 c FORMULA 124 SOLID HALF ELLIPSE 00013835
0006003 IMPLICIT REAL*8 (A=H/,0-2) 00013840
000004 DIMEMNSION HOL(12), W(100)» YB(100)» XB(100)» ZR(100), DYN0n013845
000005 1(100)s DX(100)» DZ(100),» SWY:(100), SWX(100), SWZ(100)» SWYS(100)s, 00013850
000006 2SWXS(100)» SWZS(100), SDY(100)» SDX(100),» S0Z(100) 00013855
000007 COMMON PI 00013860
000008 COMMON w1l ¢ YBR ¢ XBR ¢ ZBR ¢ DY1 v DX1 00013865
000009 COMMON _ DZ1 + DPY » _DPX » DPZ ' S o T 00013870
000010 COMMON U ¢ N r K ’r M v Y v X 00013875
000011 COMMON 2 ¢ RHO » Al v B1 e C1 ¢ A2 00013880
000012 COMMON 82 vy C2 ¢+ R1 v R2 + R3 + H 00013885
000013 COMMON B v A ¢ AL ’» WT v YBT v XBT 00013890
000014 cOoMMON 28T e DYT » DXT » DZT v SWYT » SWXT 00013895
000615 COMMON __ SWZT ¢ SWYST o, SWXST » SWZSY o SDYT »_ SDXT . 00013900
000016 cCOMMON SDZT ¢ HOL v W ¢ YB »r XB r 2B § 00013905
ouool7 COMMON DY ¢ DX YA » SWY r SHX v SWZ 3 00013910
000018 COMMON _ SWYS v _SWXS ¢+ SWZS v SDY v _SDX ¢ _SD2Z 00013915
0060019 COMMON D1 r D2 r D3 vy CL1 r CL2 » CL3 n0013920
000020 . COMMON CcM1 r CM2 r CM3 ¢ CN1 » CN2 + CN3 00013925
000021 COMMON A3 y B3 v C3 » CL1S s CL2S s CL3S 00013930
TTTG00022 COMMON CM1S y CM2S + CM3S v CN1S » CN2S ¢ CN3S 00013935
000023 COMMON E Y » PY r PX v PZ 00013940
000024 Wl = 2.D0 * PT % RHO * R1 * Rl * R2 / 3,D0 P 00013945
T 000025 S = .375D0 % R2 00013950
000026 CALL DIRC 00013955
000027 DPY = +4D0 * W1 * Rl * Ri 00013960
009628 DPX = W1 / 320.D0 * (64.D0 * Rl % R1 + 19.D0 * R2 * R2) 00013965
000029 DPZ = DPX : . ' 00013970
000030 CALL DELTA 00013975
000031 RETURN 00013980
000032 END

00013985

FAS
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® ELT FOR2+1,710420s 60452

000001 C2FOR 00002585
000002 SUBROUTINE FOR2 00002590
000003 FORMULA 2 = HOLLOwW TORUS - 00002595
000004 IMPLICIT REAL*8 (A=~H:10-2) 00002600
000005 DIMENSION HOL(12), W(100)» YB(100)s» XR(100), ZB(100)» DYOONN260S
000006 1(100) DX(100)» DZ(100) s SWY(100)» SWX(100), SWZ(100). SWYS({100)s» 00002610
000007 2SWXS(100), SWZ2S{100),» SDY(100)» SDX(100)» SDZ(100) 00002615
000008 COMMON  PI 00002620
000009 COMMON w1 » YBR » XBR ¢+ ZBR + DY1 » DX1 00002625
000010 cOoMMON  DZ1 ¢ DPY ¢ DPX » DPZ 'r S e T 00002630
000011 COMMON J +r N r K » M v Y v X 00002635
000012 COMMON _ Z + RHO » Al e B1 + C1 v A2 00002640
000013 COMMON B2 r C2 » R1 v R2 ¢+ R3 ] 00002645
000014 COMMON B r A r AL ¢ WT » YBT ¢ XBT 00002650
000015 COMMON _ ZRT » DYT e DXT v DZT » SWYT ¢ SWXT 00002655
000016 COMMON  SWZT s SWYST » SWXST o+ SWZST  » SDYT v SOXT 00002660
000017 COMMON  SDZT ¢ HOL ’ W r YB ¢ XB ¢ 2B 00002665
000018 COMMON __ DY v DX Y4 v SWY o SWX r. SWZ 00002670
000019 - COMMON  SWYS r SWXS v SWZS v SDY ¢ SDX v SDZ. 00002675
000020 COMMON D1 » D2 » D3 » CLL ¢ CL2 s CL3 00002680
000021 COMMON €M1 r CM2 » CM3 » CN1 v CN2 2 CN3 00002685
000022 COMMON A3 » B3 .+ C3 r CL1S » CL2S » CL3S 00002690
000023 COMMON CM1S » CM2S » CM3S r CNI1S ¢ CN2S » CN3S 00002695
000024 COMMON __E. vV r PY v _PX ' PZ 00002700
600025 £z 2,0D0*PI*%2 %RHO * R1 00002705
000026 W1z E*(R2%*%2 —R3%%*2) 00002710
000027 S$=0.000 00002715
600028 CALL DIRC 00002720
000029 - DPY = W1%R1*%2 +.7SDO*E * (R2%*4 —R3**4) 00002725
000030 DPX = .5D0*W1%R1%%2 +.625D00 *E * (R2%¥%U4 ~R3*%4) 00002730
000031 DPZ = DFPX 00002735
000032 CALL DELTA 00002740
000033 RETURN 00002745
000034 END

00002750

£s
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@ ELT FOR201,1,710420, 60463

000001

C201FOR 00011275
000002 SUBROUTINE FOR201 00011200
000003 C FORMULA 201 = SECTOR OF A HOLLOW TORUS 00011285
000004 IMPLICIT REAL*8 (A=H,0~2Z) 00011290
0006005 DIMENSION HOL(12), W(100),» YB(100)» XB(100), 2B(100) DY00011295
000006 1(100)» DX(100), DZ(100),» SWY (100}, SWX(100), SW2(100)¢ SWYS(100)s 00011300
000007 25WXS5(100)» SWZS(100), SDY(100)» SDX{(1N00),» SDZ(100) 00011305
000008 COMMON PI 00011310
000009 COMMON W1 ¢ YBR ¢+ XBR + ZBR » DY1 » DX1 00011315
000010 COMMON D21 » DPY » DPX v DPZ » S e T 00011320
000011 COMMON™ U '+ N v K ¢ M v Y e X 00011325
000012 COMMON  Z » RHO » Al v B1 r C1 + A2 00011330
000013 COMMON B2 ) C2 » R1 v R2 ¢+ R3 ¢ H 00011335
000014 COMMON B v A ¢ AL ¢ WT + YBT » XBT 006011340
000015 COMMON _ ZBT + DYT » DXT s D27 + SWYT r SWXT 00011345
600016 COMMON  SWZT r SWYST » SWXST » SWZST ¢ SDYT » SDXT 00011350
000017 COMMON  SDZT » HOL ' W r YR » XB r 2B NN011355
000018 COMMON DY » DX v DZ v SHY » SWX v SWZ 00011350
000019 COMMON SWYS r SWXS r SWZS v SOY » SDX » SDZ 00011365
000020 COMMON D1 y D2 » D3 » CL1Q v CL2 ¢ CL3 00011370
000021 COMMON €M1 + CM2 ¢+ CM3 + CN1 » CN2 v CN3 00011375
000022 COMMON A3 ) B3 v C3 » CLIS o+ CL2S y CL3S 00011380
000023 - COMMON  CM1S » CM2S » CM3S ¢ CN1S » CN2S » CN3S 00011385
000024 COMMON E ' v . PY v PX '+ P2 00011399
006025 AL="PI*AL /180.000 00011395
000026 AT R2%%2 +R3%%2 00011400
0ou027 E= 2.0D0/AL *(DSIN(AL))*%2 *(2.,0DN*R1*%2 +A +A%x*2 /(8+0D0%R1*%2)) 00011405
060028 W1z 2 0DUAPI#RHO*R1%AU * (RZ¥R2~RI*R3) 00011510
000029 SZDSIN(AL) /AL *(R1+ .25D0%A/R1) 00011415
0060030 CALL DIRC 00011420
000031 OPY=WI* 2500 /AL * (4, 0D0*RI¥¥2%A[ +3,000%A%AL =E) 00011425
000032 DPXz= <0625D0%W1 /AL *(4,0D0*R1%%2 *(2,0D0*AL-DSIN(2.0D0%AL)) +A*{(100011430
000033 10.0D0*AL =3.0D0%DSIN(2.0D0*AL))) 00011435
0003 DPZ= . 0625D0*WT /AL *(4,000*RI*x2 *{2.0D0%AL +DSIN(2.0D0%AL)) + A%00011440
00U038% 1(10.0D00%AL+3,0D0*DSIN(2.000%AL)) =4 ,0D0%E) 00011445
000036 CALL DELTA 00011450
000037 RETURN 00011455
000038 END 00011460

1%




@ ELT FOR202,19710420, 60465

2l
000001 C202FOR 00011465
000002 SUBROUTINE FOR202 00011470
000003 c_ FORMULA 202 - RECTANGULAR PRISM 00011475
000004 IMPLICIT REAL*8 (A-,0=-2) _ 000114R0
000005 DIMENSION HOL{(12)» W(100)s YB(100), XB(100)s» 2B(100) DY000114R5
000006 1¢100)s DX(100), DZ(100), SWY(100), SWX(100), SWZ(100), SWYS(100)s 00011490
000007 25WXS(100), SWZS(100), SDY(100)s SPX(100}, SDZ(100) 00011495
000008 COMMON PI 00011500
000009 COMMON__ W1 » YER » _XBR »_ZBR » DY1 ¢+ DX1 00011505
060010 COMMON DZ1 ¢+ DPY ¢ DPX » DPZ ’ S r T 00011510
000011 COMMON  J N v K ' M 3 ' X 00011515
gogoi2 COMMON Z » RHO » Al v Bl » C1 Y- 00011520
000013 COMMON B2 ¢ C2 » R1 ¢ R2 ¢ R3 v H 00011525
000014 COMMON B’ ¢ A » AL ' OWT ¢ YBT ¢ XBT 00011530
000015 COMMON_ ZBT + DYT r OXT v D27 v SWYT___ » SWXT 00011535
3 000016 COMMON  SWZT  » SWYST , SWXST » SWZST » SDYT  , SDXT 00011540
< 000017 COMMON  SDZT  » HOL ' W ' YB + X8 » 28 0n011545
£ 000018 COMMON _ DY ¢ DX 2 DZ » SWY v SWX ¢ SWZ 00011550
. 800019 COMMON  SWYS o SWXS » SWZS  » SDY » SDX v SDZ 00011555
: 000020 COMMON D1 » D2 » D3 ¢ CLI1 ¢ CL2 » CL3 00011560
000021 COMMON _ CM1 ¢ CM2 » CM3 r CN1 ¢+ CN2 » CN3 00011565
000022 COMMON A3 » B3 » C3 ¢+ CLIS » CL25 , CL3S 00011570
000023 COMMON CM1S  » CM2S5  » CM3S » CN1S s CN2S » CN3S 00011575
000024 COMMON _ E r V +_PY v PX + P2 00011580
000025 W1Z RHO *A*BxH 00011585
00602 $=0.0D0 00011590
ogqgg7 CALL DIRC : 00011595
000028 DPYZWI/12.0D0* (A*A +B*R) I 00011600
000029 DPX=W1/12.0D0*(B*B +H*H) : . ) 00011605
000030 DPZ=11/12.0D0* (A%A +H*H) : - ' 00011610
005031 CALL DELTA i B 00011615
000032 RETURN e 00011620

000033 END e 00011625

g




Moore noiinesr Fofins, «rC 3w

s ELT FOR203,1+710420, 60466

C203F0OR 00011630

000001
000002 SUBROUTINE FOR203 00011635
0009003 C FORMULA 203 -~ SECTCR_OF_OUTER _HALF-TORUS 0001i6uon
00000Y IMPLICIT REAL*8 (A=H,0-2) 00011645
000605 DIMENSION HOL(12), W(100), YB(100), XR(100), ZB(100}¢ DYNO011650
000006 1(100)s DX(100)» DZ{(100)r SWY(100)» SWX(170)» SWZ(100)s SWYS(100)s 00011655
000007 25WXS(100)s SWZS(100), SDY(100)» SDX(100), SDZ(100) 00011660
000008 COMMON P1 0n011665
000009 COMMON w1l » YBR + XBR v« ZRR____» DY1 s DX1 00011670
000010 COMMON DZ1 + DPY » DPX ¢+ DPZ r S e T 00011675
000011 COMMON J PN r K v M 2 e X 00011680
000012 COMMON 2 + _RHO v AL » B1 v C1 v A2 00011685
000013 COMMON B2 r C2 ¢ R1 v R2 ¢ R3 » H 00011690
000014 COMMON B v A v AL ¢ WT ¢ YBT + XBT 00011695
000015 COMMON _ ZBT + DYT » DXT e DZT ¢ SWYT ¢ SWXT 00011700
000016 COMMON  SWZTY ¢ SWYST » SWXST » SWZST » SDYT + SDXT 00011708
000017 COMMON  SDZT ¢ HOL P W ' YB ¢ XB » 2B 00011710
000018. COMMON _ DY ¢ DX » DZ ' SWY v SWX » SWZ 00011715
060019 COMMON  SWYS r SWXS ¢+ SWZS v SDY v SDX v SDZ 00011720
000020 COMMON D1 y D2 » D3 9 CLL ¢ CL2 ¢ CL3 0001172%
000021 COMMON  CM1 » CM2 » CM3 » CN1 ¢ CN2 » CN3 00011730
00022 COMMON A3 s B3 r C3 ¢ CL1S » CL2S » CL3S 00011735
000023 COMMON CM1S » CM2S » CM3S ¢ CN1S » CN2S » CN3S 00011740
000024 COMMON E r V v PY v PX » PZ 000117us5
g0u02s ALZ PIxAL /180.0D0 00011750
000026 A= 1,0D0/(PIx*R1 +4.0D0%R2 /3.0D0) . 00011755
800027 El = (AL=-DSIN(AL)*DCOS(AL)) /(4.0DO0*AL) 00011760
000028 E2 = (ALFDSINCALT*0COS (ALY /7(2,0D0*AL) : 00011765
000029 W1l= RHO *AL % R2*%2 /A 00011770
000030 ST (4.0D0*AXDSIN(AL)) /(3. ODO*AL) *(, 7500*PI*R1*R1+ 1875N0*PI*R2*R00011775
000031 12¥2 600 RIFRDY 00011780
000032 CALL DIRC . 00n11785
0C0033 DPY= AxW1*{(PI*R1%%3 +.75D0%PI*R1¥R2%R2 +LeO0DO*R1¥R1%R2 +R.0D00/15,000011790
00003% TDUHR2¥*®3) ~Wi¥S*S 00011795
000035 DPX= AkW1%( 2.0D0*PI*E1%R1%%3 + PI*(,2500+1.500%E1)*R1%R2%R2 +2.0 00011800
000036 1DOXE1*R1*R1%¥R2 +(440D0+EL) /15.0D0*R2%%3 ) 00011805
000037 DPZ= A*W1* (PT*E2%R1#*3 +PI*(.2500+. 76D0%*F2) *R1i*R2*R2 +4.0D0*E2*R100011810
000038 1xR1%R2 +(4.0D0+6.0D0*E2) /15.0D0%R2%%3) = 1xS*S 00011815
000039 CALL DELTA . 00011820
000040 RETURN ‘ 00011825
000041

END : o i 00011830

99
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@ ELT FOR20U,1»710420, 60468

000001 C204FOR 00011835
000002 SUBROUTINE FOR204 00011840
000003 C FORMULA 204 — TRUNCATED UNGULA OF A CYLINDER 00011845
000004 IMPLICIT REAL*¥8 (A=H10=2) 00011850
000005 DIMENSION HOL(12), W(100), YB(100),» XB(100)» Z2B(100)» DY00011855
000006 1(100)» DX(100) s DZ(100), SWY(100), SWX(100), SWZ(100)es SWYS(100), 00011860
000007 25WXS{100)» SWZS(100)» SDY(100)s SDX{(100), SDZ(100) 00011865
poooos COMIMON PI » 00011870
000009 COMMON__ w1 » YBR s XBR__. »_2BR . DYL + DX1 00011875
T 000010 COMMCN DZ1 + DPY + DPX v DPZ ' S 'y T 00011880
000011 COMMON  J ¢ N y K v M v Y y X 000118R5
0006012 COMMON 2 » RHO v Al ¢ B1 v Ci ¢ A2 00011890
000013 coMMON™ B2 ¢ C2 ¢ R1 + R2 ' R3 » H 00011805
000014 COMMON B v A o AL e WT v YBT » XBT 00011900
000015 COMMON _ ZBT + DYT ¢+ DXT s DZT o SWYT 2 SWXT 00011905
000016 COMMON  SW2T v SWYST , SWXST + SWZST + SDYT v SDXT 00011910
600017 COMMON  SD2T » HOL W E: ¢ XB » 2B 00011015
__oooois COMMON__ DY » DX v D2 r_SWY r_SWX » SWZ 00011920
000019 COMMON  SWYS » SWXS v SWZS  » SDY ¢ SDX v SD2 00011925
000020 COMMON D1 v D2 » D3 y CL1 ¢ CL2 v CL3 00011930
____oooo21 COMMON  CM1 » CM2 ¢ CM3 p CN1 ¢+ _CN2 e CN3 00011935
000022 COMMON A3 » B3 v C3 » CL1S » CL2S » CL3S 00011940
000023 COMMON CM1S » CHM2S ¢ CM3S ¢+ CN1S » CN2S ¢+ CN3S 00011945
____poocau COMMON___E .\ 2 PY y_PX ¢ P2 00011950
360025 F= R1-A 00011955
000026 P=DSQRT(RL1**2 =F%%2) 00011960
000027 ALF=DATAN2{Py F) 00011965
600G28 SAZDSIN(ALF) 00011970
000029 S2A=DSIN(2.0DO*ALF) 00011975
000030 CA=DCOS (ALF) 00011980
7000031 T IF(A-BY 10v20,10 060011985
000032 10 E= H/(A-B) 00011990
000033 @=DSQRT (8% (2,0D0%R1 -B)) 00011995
0000304 G= R1-B 00012000
000035 BET =DATAN2(QsG) 00012005
000036 C= RHO*E*R1%x3 00012010
000037 SIA=NSIN(3.0D0*ALF) 00012015
000038 SHA=DSIN(4§ 0DO*ALF) 00012020
000039 SB=DSIN(BET) 00012025
060040 S2B=DSIN(2.0N0*BET) 00012030
000041 S3B=DSIN(3.0DC*BET) 00012035
000042 SUB=DSIN(Y4+ODO*BET) onc120u0
000043 C2A=0COS (2., 0D0*ALF) ‘ 00012045
0004y C3A=DCOS(3.0DOXALF) ' 00012050
000045 CB=DCOS(BET) 00012055
0000i6 C2B8=pCOS (2. 0D00*BET) 00012060
000047 C3B=DCOS(3.0D0*RET) 00012065
000048 U=z 2,0D0/15.0D0%C*R1**2 *(SA¥*5 ~SB¥%5) 00012070
7000049 c COMPUTE WEIGHT 0n01207S
000050 W1z C*x(SA-SB=~ALF*CA +BET*CB=1,0D0/3.0D0% (SA¥%*3 ~ SBx*3)) 000120A0
000051 C Y _AXIS COMPONENT OF C,.G. 006012085
o 000052 ST C#+E /8.0D0*R1/W1 *(S2A=S2B=2, » 0DOXALF*C2A +2.0D0*BET*C2B ~ALF +800012090
g 000053 1ET +.25D0% (S4A=SuB)) -ExF 00012095
000054 C COMPUTE X AXIS COMPONENT OF C.G., 00012100
000055 v=0,0D0 00012105
000056 c 00012110

COMPUTE Z AXIS COMPONENT OF C.GW

ey




~

000057 __

_T:2.,ODQ/},-_ODO!CLWI*RI*_( «375D00% (ALF=BFET) = -2_50_0*;(__152/*-528)__{1.000/320()01?l 15 .

0ouu58 1.000%(S4A=S4RY) 00012120
000059 c DIRECTION COSINES AND C,.Ga 00012125
000060 ________CALL SPEDIR 00012120
0000861 C PRODUCTS OF INERTIA 00012135
600082 PY=0.0DO 00012140
000063 PX= EX¥(U=W1%T*F) ~W1xSxT » 00012145
00006 PZ=0.0D0 00012150
00V065 c COMPUTE DELTA VALUES ) 00012155

000066 DPZ= C*(ZIRT(ALFIEIRLIF) = ZIRT( RETHEW/RLIF) ) =W1%S%S 0012160
000067 DPX= DPZ -W1xT*T +U ' : 00012165
000068 DPY= +SDO*(W1#R1%R1 +U) ~WikTx*T 00012170

000069 B C __ ROTATE DELTA _VALUES T0Q COMMON REFERENCE_OQRIEMTATION 00012175
000070 CALL SPEDEL 00012180
000071 RETURN 00012185
0u0072 20 C=2.0D0%ALF_=~ S2A B ) 0n012190
000073 S= «5DO*H 0n012i05
000074 v= 8.0D0 onni2200

000075 T= 4,0D0/3.0D0%R1/C %SA*%3 e .. D0OD12205
000076 CALL SPEDIR 00012210
000077 EXZ RHO *C*oSDO*RL1*#2 00ni221s
000078 G= «25D0*R1**2 %(1.0D0-T/R1%CA) _ . e 000122290
000079 U= +25D0%R1%%2 %(1.0D0+3,0D0*T/R1 *CA) =T¥%2 00012225
000080 wlz ExH . 00012230
gonoal DPY= Wik(G+U) o 00012235
0000827 7T T T DPXS W1/12.0D0%(12.000%U +H¥%2) 00012240
000083 DP2= W1/12.0D00%(12.0D0%6 +H*%2) 00n122u48
000084 CALL DELTA o e 00012250

T oogo8s T T T RETURN - ) 00012255
000086 END 00012260




@ ELT FOR205,1+.710420, 60470

0006001 C205FO0R 00012370
000002 SUBROUTINE FOR205 00012375
000003 ___FORMULA 205 = SOLID TAPERED TORUS 00012380
000004 IMPLICIT REAL*8 (A=H»0=2) 00012385
000005 DIMENSION HOL(12), W(1D0)s YB(100), XB(100)» 2B(100) DYOO012300
000006 1(100)» DX(100), DZ(100),» SWY{100), SWX(100), SWZ(100)s SWYS(100), 00012395
000007 2SWXS(100) s SWZS(100), SDY(100)» SDX(100)» SDZ(100) 00012400
000008 3C(10) 2 P(5) 00012405
000009 COMMON _PI _ 00012410
000010 COMMON W1 o+ YBR » XBR » ZBR y DY1 » DX1 00012415
000011 COMMON DZ1 » DPY » DPX » DPZ V'S 'y T 00012420
000012 COMMON U ¢ N v K ¢ M Py ’ X 00012425
000013 COMMON 2 » RHO v AL y Bl y C1i » A2 00012430
000014 COMMON B2 r C2 v R1 » R2 - ; R3 » H 00012435
000015 COMMON B . A o AL . WY » YBT v XBT 00012040 _
0Uc016 COMMON 28T » DYT » DXT r DZT r SWYT  » SWXT 00012445
000017 COMMON  SWZT  » SWYST » SWXST o+ SWZST » SDYT  » SDXT 00012450
000018 COMMON_ _SDZT __» HOL_ __ , W . YB v XB v..28 00012455
0600019 COMMON DY » DX » DZ r SWY r SWX . SWZ2 00012460
0006020 COMMON SWYS  » SWXS » SWZS  » SDY » SDX v SDZ 00012465
000021 COMMON _ D1 » D2 » D3 r CLY s CL2 v CL3 00012470
0006022 COMMON  cM1 y CM2 + CM3 ¢ CN1 y CN2 » CN3 00012475
000023 COMMON A3 » B3 » C3 » CL1S » CL25  CL3S 00012480
000024 COMMON _CM1S _ » CM2S __ » CM35 _ » CN1S _ » CN2S _, CN3S 00012485
000025 COMMON  E Y] ¢ PY ¢+ PX v P2 00012490
000026 c PRELLIMINARY COMPUTATIONS 00012495
000027 6z=R2-R3 00012500
000028 G=R1+R3" 00012505
000029 F1=3,000-12.0D0/PI%*2 00012510
000030 Fao= ;‘ooo -30.0D0/PI**2 00012515
000031 P({1) = R2+R3 : 00012520
000032 DO 10 I=2,5 00012525
000033 10 P(I) = P(I-1) *R2 +R3**I 00012530
000034 ¢ VOLUME AND WEIGHT 00012535
0006035 V= PI**2 *(2,0D0%Q*R3*R3 +R3%{2,0D0*Q+R3) %G +2.0D0/3.0D0*G*G*(Q+200012540
000036 1.0D0%G) +.5D0%G**3) 00012545
0006037 WIS RHO ¥V 00012550
000038 S= 2,0D0*G /V *(4.0D0*QA*Q*R3 +4.0D0*G*RI*RI +R3I*xx3 +G*(2.0D0%Q*Q +00012555
000039 18.0D0*Q*R3+3, 0D0*R3*R3) +GXG¥F 1% (2. 0D0*0+3 . 0DO*R3) +Gx*3%F2) 00012560
000040 CALL DIRC ! 00012565
00041 DPYZPI*#2 *RHO/12.,0D0%(8.0D0*R1*%3 *P(2) +18,0D0%R1*(R1*¥P(3) +P(4)00012570
600042 1) +7,0004P(5)) =W1%*S*S 00012575
000043 F=6/PI : 00012580
000044 C(1)= 1.5D0%Q*R3*R3 *(4,0D0%Q*Q +5.0DN*RI*R3) 00012585
000045 C(2)= 75DO*R3*G_*(8,0D0%Q*%3 +12.0D0%0*Q*R3 +20,0D0%x0*R3I*R3 +5,0000012550
000046 10%R3%%3) . on012595
80G0047 C(3)= G*G*(2,0D0%Q**3 +12.0D0%Q¥0*R3 +21,000%Q*R3*R3 +10.,000*R3**300012600
000048 1) 00012605
000049 C({4)= +75D0 *G*%3 *(6+0D0*Q*Q +22,0D0*A*R3 +17+0D0*R3%%2 ) 0n012610
000050 C(5)= «3D0 *G**4 *(17+0D0%Q +2840D0%R3) 00012615
000051 C(6)= 2.25D0 *Gxx5 00012620
000052 C(7)= +7SDO¥F*F*(4.0D0*Q**3 +24,0D0*G*0%R3 +30.0D0*Q*R3*R3 +12.0D000012625
000053 1%R3%%3 ~U45.,0D0%Q* *F*kF=£0.0D0XF£F%R3) 00012630
000054 C{8)= 1,125D0 *G¥F*F *(12.0D0*0%Q +36 NDO*Q*R3 +22,0D0*R3*R3 =35,000012635
(0600055 1DO*F*F) . 00612640
Bouvooss

C(9)= 7.5D0 *(G*F)*%x2 *(3,0D00%0Q +4.4,0D0%R3) 00012645
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000057

C(10) = 13.125D0 *G *(G*F) *x*2

00012650

000058 UL= Cl1)+C(2)+C(3)+C(HI+C(5)+C(6) 00012655
000059 U2= CL{TI+C(8)+C(9)+C(10) 00012660
000060 DPZ= PI**2 *RHO /6.0D0%(U1+U2) =W1%¥S%S 0n012665
000061 DPX= PI#*2 *RHO /6.0D0*(UL1-U2) 00012670
000062 CALL DELTA 00012675
000063 RETURN 00012680
000064 END 00012685




~—

@ ELT FOR206,1:710420, 60472
000001 C206FOR 00012690
000002 C SUBROUTINE FOR206 - HOLLOW TAPERED TORUS 00012695
000003 SUBROUTINE FOR206 0n012700
050004 IMPLICIT REAL*8 (A=H/,0=2) 00012705
000005 DIMENSION HOL(12)s W(100),» YB(100),» XB(100), ZB(100), 0Y0N012710
000006 1¢100)»_DX(100)» DZ(100)» SWY(100)» SWX(100), SWZ(10Q)r» SWYS(100), 00012715
000007 2SWXS(100), SWZS(100), SDY(100), SDX(100)s SDZ(100) 00012720
000008 COMMON PI ' 00012725
000009 COMMON W1 +_YBR ¢+ XBR ¢ ZBR ¢ DY1 » DXL 00012730
000010 CCOMMON DZ1 » DPY » DPX y DPZ ' S r T 00012735
600011 COMMON J ¢ N v K P M v Y » X 00012740
000012 COMMON 2 +_RHO » Al v B1 ¢ Cl Y- 00012745
000013 COMMON B2 r C2 » R1 » R2 ' R3 ¢ H 00012750
000014 COMMON B ¢ A v AL ' WT r YBT ¢ XBT 00012755
000015 COMMON _ ZBT ¢ DYT » _OXT r D2T s _SWYT + SWXT 00012760
000016 COMMON  SWZT r SWYST » SWXST » SWZST » SDYT v SDXT 00012765
000017 COMMON  SDZT ¢ HOL 'Y ' YB » XB y ZB 00012770
___guoois COMMON DY ¢ DX » 0Z ' _SWY »_SWX v _SWZ 00012775,
000019 COMMON  SWYS v SWXS » SWZsS v SDY ¢+ SDX » SDZ 00012780
000020 COMMON D1 ¢ D2 » D3 » CL1 r CL2 v CL3 00012785
000021 COMMON _ ¢M1 1 CM2 ¢ CM3 ¢ CN1 » CN2 ¢ CN3 00012790
000022 COMMON A3 » B3 » C3 » CL1S » CL2S » CL3S 00012795
000023 COMMON CM1S ¢ CM2S ¢ CM3S » CN1S » CN2S r CN3S 00012800
000024 COMMON _E PV v PY ¢ PX ' P2 00012805
000025 NN=N 00012810
000026 N=206 00012815
060027 ER1zR1 00012820
cu0028 ER2=R2 00012825
060029 ER3=R3 00012830
0006030 CALL FOR205 00012835
006031 WC=W1 00012840
000032 YC=YBR 00012845
0006033 XC=XRBR 00012850
go003y 7C=ZBR 00012855
000035 cY=DY1 00012860
000036 CX=0x1 00012845
0000637 €Z=02z1 00012870
000038 R1=R1+8 00012875
000039 R2=Rz~B 00012880
000040 R3I=R3-1B . 0600312885
000041 RHO=~RHO 00012890
000042 CALL FOR205 00012895
000043 WF=W1 00012900
000044 YF=YBR . 00012905
000045 XF=XBR 00012910
000046 ZF=ZBR 00012915
cooo047 FY=DY1 00012920
000048 FX=DX1_ 00012925
060048 FZ=Dz1 00012930
000050 C RESTORE INPUT 00012935
000051 RI1ZFR1 00012940
& 000052 R2=ER2 00012945
000053 R3ZER3 00012950
= o005y RHO==RHO 00012955
006055 N=NN : 00012960
000056 C ! 00012965




000057 COMBINE PARTS 00012970
000058 WITWCHWE 00012975
000059 YMZWC*YC +WF*YF 00012980
060060 XMZWC*XC_+WE*XF 00012985
000061 ZMZWC*2C +WF*ZF 00012900
000062 YM2=WCHYC**2 +WFkYF%%2 00012995
000063 XM2ZWCHAXCH*2 +WF*XF¥%2 00013000
000064 ZM2=yC*ZC**2 +WF ¥ ZF %%2 00013005
000065 YD= CY+FY 60013010
000066 XDZ CX+FX 00013015
000067 Z0= CZ+FZ 00013020
000068 YBR= YM / Wl 00013025
006069 XBR= XM _/ Wl 6006130830
060070 ZBR= ZM / Wl 00013035
0006071 DY1= XM2 +ZM2 +YD ~W1*(XBR**2 +ZBR¥*2) 00013040
000072 DX1= YM2 +ZM2 +XD =W1* (YBR**2 +ZRR*%2) 00013045
000073 DZ1= YM2 +XM2 +2ZD —W1*(YBR¥*2 +XBR*%2) 00013050
060074 RETURN 00013055
000075 END 00013060




INS
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T 0000018 C207FOR T 00013065
000002 o FORMULA 207 = SECTOR OF HOLLOW TAPERED DISC 06013070
000003 SUBROUTINE FOR207_ 00013075
000004 IMPLICIT REAL*8 (A~H»0-Z) 0N0130R0
000005 DIMENSION HOL(12), W(100),» YB(100), XB(100)s» 2B(100) NYOO00130R5
000006 1¢(1007,_ DX(100)e DZ(100)s SWY(100),» SWX(100), SWZ(100)» SWYS{(100), NONi3090
000U07 25WXS(100)» SW2S(100), SDY(100) s SDX(100)r SDZ2(100) 00013095
gouso8s COMMON PI 00013100
- 000009 COMMON__ W1 ¢ _YBR » XBR »_ZBR ¢ DY1 s DX1 00013105
600010 COMMON D21 » DPY » DPX » DPZ v S e T 00013110
000011 COMMON J v N v K ' M v Y r X 00013115
Q00012 COMMON 2 ¢+ RHO e Al .+ _B1 ' C1 .Y 00013120
0U0013 COMMON B2 r C2 ¢ R1 ' R2 » R3 ¢ H 00013125
000014 COMMON B ’ A » AL ¢ WT ¢ YBT “» XBT 00013130
000015 COMMON _ZBT o DYT___» DXT ___» . D2T __ » SWYT + SWXT __0N013135
000016 COMMON SWZT » SWYST » SWXST o+ SWZST » SDYT ¢ SDXT 00013140
0006017 COMMCN  SDZT » HOL ' W v YB » XB v 78 00013145
LB Y:) COMMON__ DY ¢+ DX ¢ DZ ' _SWY » SWX » SWZ 60013150
000019 COMMON  SWYS » SHXS v SWZ2S v SDY r SDX + SDZ 00013155
000020 COMMON D1 » D2 v D3 » CL1 » CL2 » CL3 00013160
___0uoo21 _ COMMON  CM1 s CM2  » CM3 s CNIL » CN2 » CN3 00013145
000022 TCOMMON A3 + B3 » C3 ¢ CLI1S » CL2S ¢ CL3S 00013170
000023 COMMON  CM1S v CM2S » CM3S ¢+ CN1S » CN2S » CN3S 00013175
. oouuuzy COMMON £ eV » PY v PX v PZ 00013180
000025 C PRELIMINARY COMPUTATIONS 00013185
000626 ALZAL*PI/180.0D0 00013100
000027 ClA = B-A _ 00013195
T 600028 C2A = R2+R1 00013200
000029 I=R1-R2 00013205
00U030 ® = ClA/C3 00013210
900031 CU=B+Q *R2 T o0 - 00013215
000032 C5= R1%*%¥2 +R2%%2 00013220
000033 Cé= ¢5 # RI*R2 00013225
000034 C VOLUME AND WEIGHT onn13230
600035 V = C3/3.D0 #AL *(3.,D0%C2A%C4 =2,D0%Q *C6) 00013235
000036 W1= RHO %V o 00013240
006037 ¢ - C+«G. AND DIRECTION COSINES 00013245
00U038 S = €3/6.D0*CSIN(AL) / Vv x(4, DO*CR*C6 =3.,N0*Q*C2A%C5) 00013250
000039 _CALL DIRC _ o - 00013255
OUGo40 T1=.5D0%8 00013260
000041 T2=.5D0+*A onn13265
__ goboos2 e .Pl= T1~T2 e 00013270
gouoy3 E={(R1~R2}/P1 00013275
0VoUYY UzR2+E*T1 0n0132480
_ 000045 B P2=T1*T1 =T2xT2 00013285
000046 P3= T14%3 =T2%%3 00013290
000047 Ph= Tlxxy =T2%%ky 00013295
. Dopos8  PBT T1%%5 =T2%%5 00013300
000049 C=DSIN{AL) *DCOS(AL) 00013305
000050 F122.000/3+000% (R1*R1*T2%%3 =R2%R2*T1%%3) 00013310
_.@goosy  F2= ,SDO*(R1¥*4XT2 =R2kx4%T1) ~ 00013315
000052 F3=(10.,0D0*UxU%P3 =15.0D0*U*E*PU +6.0D0*EXE*PS) /15,000 00013320
0800053 F4zZe1D0% (5., 0D0%Un*4xPl =10, ODO*U**S*E*Pa +10.0D0*xUXUXEXE*P3 =5,00000013325
oooos4 C L¥UXE®*3%PY +EX*4XPS) e 00013330
000055 F5= RHO *(F1+F3) . 00013335
000056 F6= RHO *(F2+F4) \ 00013340




000057 F7= o2D0*P1%(R1*x4 +R1%*¥3%¥R2 +R1*R1*¥R2*R2 +R1*R2*¥*%x3 +R2%x4) 00013345
000058 MOMENTS OF INERTIA 00013350
000059 DPZ= AL%(FS+F6) +C*F6 =W1%S5%S 06013355
000060 DPX= AL (F5+F6) =~CxF6__ __ - _00013360
000061 DPY= RHO*AL*(2,0D0%F2 +F7) =-W1*SxS 00013365
000062 CALL DELTA 00013370
000063 RETURN 00013375
goecou END 00013380

Y3
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000001 C208FOR 00013385
000002 FOR208 - SECTOR OF WEDGE OF REVOLUTION 00013390
000003 SUBROUTINE FOR208 00013395
000004 IMPLICIT REAL*8 (A=Hs0~Z) _ 00013400
000005 DIMENSION HOL(12), W(100), YB(100), XR(100), 2zB(100) DY0O013405
000006 1(100)» DX(100)s DZ(100), SWY(100), SWX(1003}, SWZ(100)r SWYS(100)s 00013410
. 000007 25WXS(100) » SWZS(100), SDY(100)s» SDX(100), SDZ(100) 00013415
000008 COMMON PI . : 00013420
000009 COMMON w1 ¢ YBR » _XBR ¢+ _ZRR s DY1 » DX1 00013425
000010 COMMON DZ1 s DPY » DPX » DPZ ¢ S e T 00013430
0ooC11 COMMON U » N ' K ¢ M A ' X 00013435
000012 COMMON  Z » RHO » Al ¢ B1 r C1 v A2 00013440
000013 COMMON B2 y C2 » Ri r R2 » R3 ¢ H 00013445
o001 COMMON B ' A » AL ' WT » YBT » XBT 00013450
000015 COMMON _ ZBT ¢ DYT ¢ DXT ¢+ DZT ' SWYT ¢ SWXT 00013455
00016 COMMON SWZT » SWYST , SWXST » SW2ST » SDYT ¢ SDXT 00013460
000017 COMMON  SDZT ¢+ HOL 'Y ' Y8 v X3 v 2B 00013465
000018 COMMON DY » DX v DZ +_ SHY ' SWX » SWZ 00013470
000019 COMMON SWYS ¢ SWXS r SW2S » SDY » SDX + SDZ 00013475
000020 COMMON D1 » D2 y D3 r CLL v CL2 s CL3 00013480
000021 COMMON__CM1 » CM2 y CM3 1 CN1 e CN2 »_CN3 00013485
0vo0c22 COMMON A3 ¢ B3 » C3 v+ CL1S ¢ CL2S » CL3S 00013490
000023 COMMON CM1S » CM2S » CM3S + CM1S r CN2S ¢+ CN3S 00013495
000024 COMMON _E PV » _PY v PX r PZ 00013500
000025 AL= AL *PI/180.0D0 00013505
000026 ClA = R1=-R2 00013510
000027 C2A_= R1+R2 00013515
000028 C3= AL *B 00013520
000029 c4= R1x R2 00013525
000030 E_DSIN(AI) / _(2,0D0%AL) : 00013520
600031 C5=DSIN(2.0D0%*AL)Y /(2.0D0*AL) 00013535
000032 CO= 2.0D0%R1%%2 =R2%%2 00013540
000033 C7=_RHO #*AL *B 00013545
00034 €8z R2 *R1 *R1 00013550
000035 C9= 2.0D0%R1 -3,0D0%R2 00013555
900036 VOLUME AND WEIGHT 00013560
000037 v = CIA *C3 /3.,00%(C2A+R1) 00013565
000038 wl— RHO #VL 00013570
000039 +G. AND DIRECTION COSINES 00013575
000040 vV = E * (R1I¥*3 *{C1A+C9O) +R2%xY4) / (Rl**a *C9 +R2¥%3) 000135R0
000041 S= . 25D0%B%(C6=~2.000%C4 +R1%*R1) /(C6=~Cl) 00013585
0092042 7=0.,000 00013590
000043 CALL SPEDIR 00013595
000044 PRODUCTS OF INERTIA 66013600
000045 pPX=0,000 ' 00013605
T Tpocose PY=0,0D0 00013610
000047 PZ= RHO /30.,0D0*B*%2 /CL1A*DSINCAL)* (3.0D0%R1*%3 %C9 +R2*R2 *(RI*R00013615
006048 11 +R1 *R2+R2%R2)) =W1*V*S 00013620
000049 DELTA VALUES 00013625
000050 F=.1D0 *C7/C1A%x(R1%*4 *(4.0D0%R1 ~5.0N0%R?) +R2**5 ) 00013630
00051 G =F#(+500#(1,D0=C5)+B*B /(3.,D0*CI1A*C1a) ) -C7*B*B*Cg / 00013635
900052 1 (3.00%C1A) \ 00013640
000053 Pz G +C5 *F : 00013645
<p) 000054 DPY =F=W1¥V%V 00013650
000055 CPX = G =W1xSxS 00013655
0006056 DPZ = P =W1x({V*V +5%5S) 00013660




000057 CALL SPEDEL 00013665

000058 RETURN 00013670

] 000059 END 00013675
—h-
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@ ELT FOR3+1,710420» 60477

000001 C3FOR 00002755
000002 SUBROUTINE FOR3 00002760
060003 C FORMULA 3 = SOQLID SPHERE L 00002765
DOGOOY IMPLICIT REAL*8 (A=Hr0=2) 00002770
0060005 DIMENSION HOL(12), W(100), YB(100), XB(100)» ZB{100)" DY00002775
000006 1(100), DXC100)s DZ(3100), SWY(100), SWX(10G0), SWZ(100)» SWYS(100), 00002780
7000007 2SWXS(100), SWZS(100) s SDY(100)s SDX(100), SDZ(100) 00002785
000008 COMMON  PI oono2790
000009 COMMON W1 + YBR ¢ XBR + ZBR » DY1 » DX1 00002795
000010 commoN  DZ1 + DPY r DPX » DPZ S ' T 00002800
000011 COMMON U y N » K ' M v Y v X 00002805
___oogotez COMMON 7 » RHO » Al + Bl » C1 ¢ A2 eano2s10
000013 COMMON B2 ¢ C2 ) R1 » R2 r R3 s H 00002815
600014 COMMON B ' A + AL ' WT ¢ YRT ¢ XBT 00002520
006015 COMMON _ ZBT v DYT v DXT ¢ DZT v SWYT___» SWXT 00002825
000016 COMMON  SWZT » SWYST » SWXST » SWZST » SDYT o+ SDXT . 00002830
000017 COMMON  SDZT  » HOL voW ¢ YB ¢ XB y 2B 00002835
000018 COMMON DY ¢+ DX _ v DZ o SWY . SWX r_SWZ 00002848
000019 COMMON SWYS  » SWXS » SW2S  » SDY ¢ SDX » SDZ 00002845
006020 COMMON D1 » D2 v D3 » CL1 » CL2 ¢ CL3 00002850
000021 COMMON  cM1 » CM2 » CM3 v CN1 + CN2 + _CN3 00002855
gooo022 COMMON A3 » B3 » €3 r CLIS » CL2S » CL3S 00002860
000023 COMMON CM1S  » CM2S ¢ CM3S 5 CN1S » CN2S » CN3S. 00002865
000024 COMMON E ' V s PY ¢+ PX + PZ 00002870
000025 wW1Z 4.,0D0/3.000*%P1 *RHO * R1%*3 00002875
000026 YBR=Y 00002880
000027 XBR=X 00002885
Bu0H28 ZBREZ 0nB02890
000029 DY1= .4D0 %Wl * RI1%%2 Co 00002895
060030 DX1= DY1 00002900
000031 DZ1= 0Y1 _ 000025805
000032 RETURN 00002910
000033 ‘ END 00002915

4.9
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@ ELT FORS,1,710420» 60480

000001 CSFOR 00003095
000002 SUBROUTINE FORS 00003100
000003 ¢ FORMULA 5 = INNER HALF=TORUSe SOLID 0n003105
000004 IMPLICIT REAL¥8 (A=H:0~2) 00003110
000005 -DIMENSION HOL{12), w{100), YB(100), XB(200), 2B{100)» DY00003115
000006 1(100)» DX(100)» DZ(100}, SWY(100),» SWX(100), SWZ2(100),» SWYS(100), 0DON3120
000007 25WXS(100)» SW2S5(100), SDY(100)e SDX(100)e SDZ(100) 00003125
600008 COMMON PI 00003130
000009 COMMON _ Wl ¢+ YBR » XBR r 7BR » DY1 e DX1 00003135
000010 COMMON D21 ¢ DPY ¢ DPX v DPZ ' S e T 00003140
000011 COMMON J ¢ N v K v M ' Y y X 00003145
000012 COMMON _ 2 » RHO v Al v B ! ¢ A2 00003150
000013 COMMON B2 » C2 » R1 ' F2 ¢+ R3 v H 00003155
000014 COMMON B r A s AL ¢ BT ¢ YBT ¢ XBT 00003160
000015 COMMON__ ZBT ¢ DYT s+ DXT D27 + SWYT y _SWXT 00003165
6Co016 COMMON  SWZT v SWYST o SWXST o+ SWZST » SDYT » SDXT 00003170
000017 COMMON SDZT ¢ HOL » W r Y8 ¢ XB v 2B 00003175
000018 COMMON _ DY ¢ DX v D2 2 Suy r_SWX ' SWZ 00003180
000019 COMMON SWYS ¢ SWXS » SWZS v SIY ¢+ SDX ¢ SDZ 00003185
000020 COMMON D1 v D2 e D3 ¢ CL1 ¢ CL2 + CL3 00003100
0600021 COMMON €M1 » CM2 ¢+ CM3 » CN1 ¢+ CN2 e CN3 00003105_
ooooz2 COMMON A3 ¢ B3 r C3 v CLL1S » CL2S s CL3S 00003200
000023 COMMON CM1S » CM2S s CM3S » CHAS » CN2S ¢ CN3S 00003205
00024 COMMON __E eV v PY v PY v+ PZ 00003210
006025 ER3=R3 00003215
000026 R3=0,0D0 00003220
000027 CALL FOR2 00003225
000628 WC= wi 00003230
000029 cY=DY1 00003235
000030 CX=DX1 00003240
000031 CZ=DZ1 00003245
000032 RHO= =RHO 00003250
000033 CALL FORY 00003255
00D03% Wiz wC +wil 00003260
000035 pYiz CY +DY1 00003265
000036 DX1= Cx+DX1 00003270
000037 DZ1z"CZ +DZ1 - 00003275
000038 o RESTORE INPUT 00003280
000039 RHO= =RHQ 00003285
00¢0u0 R3= ER3 00003290
000041 RETURN 00003295
000042 END 00003300

G e e e
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@ ELT FORS500,1,710420, 60481

000001 C500FOR 00013680
000002 SUBROUTINE FORS500 00013685
000003 C FORMULA 500 =~ MISC. SHAPES . 00013690
000004 IMPLICIT REAL*8 (A=H,0~2) . 00013695
000005 DIMENSION HOL{(12), w(100), YB(100), XB(100)s ZB(100)» DY00013700

____0boupoos 1(100)» DX(100), DZ(100), SWY(100), SWX(100), SWZ(100)» SWYS(100)s» 00013705
000007 2SWXS(100)» SWZ2S(100), SDY(100)s SDX(100)y» SDZ(100) 00013710
000008 COMMON PI : 00013715
000009 COMMON W1 v _YBR +_XBR v 78R ¢+ DY1 r_DX1 00013720
000010 COMMON D21 ¢ DPY » DPX v DPZ ¢ S v T 00013725
000011 COMMON  J Y ¢ K ' M 'Y ¢ X 00013730
000012 COMMON 2 » RHO © 4, A1 v B1 + C ) A2 00013735
000013 COMMON B2 r C2 » R1 v R2 ¢ R3 v H 00013740
000014 COMMON B + A v AL v WT ¢ YBT ¢ XBT 00013745
000015 COMMON _ ZBT e DYT e DXT__ » DZT____ _»_ SWYT ¢+ _SWXT 00013750
000016 COMMON SWZT » SWYST » SWXST +» SWZST » SDYT » SDXT 00013755
000017 COMMON  SDZT ¢+ HOL v W v YB » XB + 2B 00013760
ocoo018 COMMON__ DY e DX o DZ » SWY___ s SWX ¢ SWZ non13765
000019 COMMON  SWYS » SYWXS » SWZS v SDY ¢+ SDX » SDZ 00013770
000020, COMMON D1 y D2 » D3 s CLL » CL2 v CL3 00013775
000021 COMMON  ¢M1 + _CM2 » CM3 » CN1 4 CN2 v CN3 00013780

TTT00u02Z COMMON™ A3 v+ B3 ’ C3 » CIL1S » CL2S s CL3S 00013785
000023 COMMON CM1S ¢ CM2S » CM3S ¢+ CN1S ¢ CN2S » CN3S 00013790
cuoo2y COMMON E ' V ¢ PY ¢ PX ¢+ PZ 00013795 _
0006625 $=0,0D00 00013800
000026 YBRZY 00013805
000027 XBR=X 00013810
000028 ZBR=Z 00013815
000029 RETURN 00013820
060030 END 00013825

I
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600001 C6FOR 00003305
000002 SUBROUTINE FOR6 . . 06003310
000003 C FORMULA 6 = INNFR HALFs TOROIDAL SHELL 00003315
600004 IMPLICIT REAL*8 (A~H/,0=2) 00003320
000005 DIMENSION HOL(12), W(100)e YB(100), XB(100)» Z8(100)» NYo00033225
000006 1(100)» DX(100)» DZ(100)y» SWY(100)» SWX(1N0), SWZ2(100)s SWYS(100),» 00003330
006007 2SWXS(100)» SWZS(100), SDY(100)s SDX(100}, SDZ(100) 00003335
000008 COMMON PI 00003340
000009 COMMON Wil » _YBR » XBR s ZBR ¢ DY1 v DX1 00003345
000010 cOMMON D21 » DPY » DPX v DPZ ' S e T 065003350
000011 COMMON J ¢ N ' K ' M A v X 00003355
000012 COMMON 2 ¢ RHO v Al ¢ B1 r C1 v A2 00003360
000013 COMMON ™ B2 y C2 »r R1 ¢ R2 ¢ R3 v H 00003365
000014 COMMON B v A ¢ AL ¢ WT ¢ YBT ¢ XBT 00003370
000015 cOMMON _ ZBT  DYT » DXT » DZT __ _» SWYT r_SWXT 00003375
000016 COMMON  SWZT v SWYST » SUXST » SW2ST 1 SDYT ¢ SDXT 00003380
000017 COMMON SDZT ¢ HOL " ' Y8 » XB v 28 000N3385
____ooopols COMMON DY » DX » D2 2 SWY e SWX 2 SWZ 00003390
000019 COMMON  SWYS ¢ SWXS ¢ SWZS v SDY » SDX » SDZ 00003395
000020 COMMON D1 + D2 v D3 » CL1 ¢ CL2 ¢ CL3 00003400
____0booo21 COMMON _CM1 » CM2 + CM3 » CN1___» CN2 s CN3 00003405
000022 COMMON A3 v B3 r C3 r CL1S ¢ CL2S ¢ CL3S 00003410
000023 COMMON CM1S ¢ CM2S » CM3S ¢ CN1S ¢ CN2S » CN3S 00003415
____ 00002y COMMON E v V » PY . PX v P2 00003420
000525 NN=N 00003425
000026 NZ6 onon343n
000027 ER2=R2 00003435
000028 CALL FORS 00003440
000029 wC=w1 00003445
000030 cY=py1 00003450
000031 cx=pX1 00003455
000032 c2=Dpz1 00003460
000033 RHO = =RHO _0N0034eS

060034 R2ZR3 00003470
000035 CALL FORS 00003475
000036 W1s WC+wl 000034A0
000037 pYi= CY+DY1 00003485
000038 pX1= CX+DX1 00003490
000039 pZl= CZ+DZ1 00003445
000040 c RESTORE INPUT , 00003500
000041 R2=ER2 00003505
006042 RHO = =RHO 06003510
000043 . N=NN 00003515
000044 RETURN 00003520
000045 END 00003525

0'/.70
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000001 00003530
00y002 SUBROUTINE FOR7 00003535
000003 _FORMULA 7 = OUTER HALF,» TOROIDAL SHELI. g0003540
006004 IMPLICIT REAL*8 (A=H,0-2) 00003545
000005 DIMENSION HOL(12)» W(100),» YB(100); XB(100)s» ZR(100), DY00003550
000006 1¢100)r» DX(100)» DZ(100),» SWY(100)s SWX(10Q)e, SWZ(100)» SWYS(100)r 00003555
000007 2SWXS(100)» SWZS(100)s SDY(100)r SDX(100)s SDZ(100) 00003560
000008 COMMON PI : 00003565
000009 COMMON w1 ¢ YBR » XBR v ZRR » DY1 e DXL 00003570
000010 COMMON DZ1 » DPY » DPX v DPZ ' S e T 00003575
000011 COMMON U r N v K ¢ M 2 ¢ ’ X 00003580
000012 COMMON 2 » RHO ) Al v B1 ' C1 » A2 00003585
000613 COMMON 82 r C2 ¢ R1 ¢+ R2 ¢ R3 ¢ H 00003590
000014 COMMON B v A » AL ’» WT » YBT + XBT 00003595
000015 COMMON _ ZBT » DYY » DXT v DZT * SWYT » SWXT 00003600
000016 COMMON  SWZT v SWYST , SWXST » SW2ST » SDYT ¢ SDXT 00003605
000017 COMMOMN  SDZT » HOL v W r YR ¢ XB y 2B 00003610
0ooo1e COMMON DY ¢ DX ¢ DZ v SWY » SWX ' SW2 00003615
7000016 COMMON  SWYS » SWXS r SWZS v SDY ¢ SDX ¢ SDZ 00003620
000020 COMMON D1 v D2 » D3 e CL1 v CL2 » CL3 00003625
600021 COMMON  CM1 ¢ CM2 » CM3 » CNL ¢ CN2 + CN3 00003630
TTTH00022 COMMON™ A3 r B3 r C3 » CL1S r CL2S » CL3S 00003635
000023 COMMON CM1S ¢ CM2S » CM3S ¢ CNI1S » CN2S » CN3S 00003640
600024 COMMON E » V + PY ¢ PX v PZ 00003545
T 000025 NN=N 00003650
000026 1=7 00003655
000027 ER2=R2 06003660
000028 CALL FORG 00003665
000029 wC=w1 00003670
000030 cY=DY1 00003675
TT00D03L EX=DXT 00003480
000032 c2=pz1 000N36R5
000033 RHO = =~RHO 00003690
000035 R2=R3 00003695
000035 CALL FORY4 00003700
000036 Wizwe+wl 060003705
000037 DYi= CY+DY1 00003710
000038 DX1= CX+DX1 00003715
006039 D21z CZ+DZ1 00003720
000050 RESTORE INPUT on6N37es5
000041 R2= ER2 00003730
000042 RIH0= =RHO 00003735
000043 N=NN : 00003740
000044 RETURN 00003745
000045 END 00003750

X
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000001
000002 E15301
000003 E15301
000004 E15301
000005 c E15301 00000000
—.0opo0e ¢ 00000005
000007 c 00000010
000008 c 00000015
000009 c PLACED ON_PRODUCTION 17 OCTOBER 1967 00000020
000010 c 00000025
000011 COSMIC NO. 400 00000030
000012 c WEIGHTs» CENTER OF GRAVITY AND MOMENT OF INERTIA 00000035
000013 CMP062 00000040
000014 c PROPOSAL WEIGHTs» CG» MI COMPUTATION PROGRAM 00000045
000615 c DECK 7R=062 2=7-62 Re HUFF 596=111 00000050
000016 c 00000055
000017 IMPLICIT REAL*8 (A=H,0-2) 00000060
_ . Doools DIMENSION HOL(12), W(100) e _YB(100), XB(100), ZB(100)e _ _DY0D0000065
000019 1(100), DX(100)» DZ(100), SWY(100)s SwX{160), SWZ(100)» SWYS(100)» 00000070
000020 25WXS(100), SW2S(100)» SDY(100)» SDX(100)s» SDZ(100) 00000075
000023 COMMON _PI — 00000080
000022 COMMON w1 » YBR » XBR ¢+ Z8R » DY1 » DX1 000000R5
000023 COMMON DZ1 » DPY » DPX ¢+ DPZ ' S ' T 00000090
000024 COMMON__J e N P K "M e Y N ¢ 00000095
000625 COMMON ~ Z + RHO v Al » Bl » C1 ' A2 00000100
000026 COMMON B2 » C2 » R1 » R2 » R3 ¢ H 00000105
000027 COMMON _ B r A v AL v WT ¢+ YBT ¢ _XBT 006000110
000028 COMMON ™ ZBT s OYT » DXT v DZ7T v SWYT s SWXT 00000115
000029 COMMOM SWZT  » SWYST , SWXST » SWZ5T » SDYT  » SDXT 00000120
000030 COMMON  SDZT . » HOL e W + YR » XB A 00000125
000031 COMMON DY y DX » 0Z » SWY r SWX r SWZ 00000130
000032 COMMON SWYS  » SWXS o+ SWZS  » SDY r SDX » SDZ 00000135
000033 COMMON _ D1 » D2 » D3 » CL1 s CL2 ¢ CL3 00000140
000034 COMMON €M1 ; CM2 y CM3 » €N r CN2 » CN3 00000145
600035 COMMON A3 » B3 » C3 » CLIS  » CL2S ¢ CL3S 00000150
000036 COMMON CMIS _ » CM2S  » CM3S  » CMIS » CN2S __ » CN3S 00000155
600037 COMMON € y v y PY v PX v PZ 00000160
000038 200 READ (5,505:END=1000) (HOL(I)» I=1¢12) 00000165
000039 WRITE (62505) (HOL(I)s I=1s12) : 00000170
000040 WRITE (6+55) : 06000175
000041 c CLEAR COMMON 00004180
000042 PI = 0000 _ 00000185
000043 - Wl = 0.0D0 ; 006000190
000044 YBR = 0.000 00000195
000045 XBR = 0.0D0 00000200
060046 ZBR = 0.000 00000205
000047 DY = 0.0D0 00000210
___ 000048 DX1 = 0.0D0 00000215
600049 pz1 = 0.0D0 00000220
a} 000050 DPY = 0.0D0 00000225
23000051 DPX = 0.000 __ 00000230
000052 OPZ = 0.000 ) 00000235
000053 S = 0.000 ' 00000240
000054 T = 0.000 _00000245
0006055 J =70.000 : 00000250
000056 N = 0.0D0 00000255
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000057 K = 0.0D0 00000260
000058 M = 0.0D0 00000265
000059 Y = 0.000 00000270
000060 X = 0.0D0 00000275
000061 4 = 0.0D0 000002R0
000062 RHO = 0.0D0 00000285
000063 Al = 0.0D0 00000290
00coey Bl = 0.0DD 06000295
000065 c1 = 0.0D0 00000300
000066 A2 = 0.0D0 00000305
000067 g2 = 0.0D0 00000310
000068 c2 = 0.000 00000315
000069 R1 = 0.0D0 00000320
000070 R2 = 0.0D0 00000325
000071 R3 = 0.0D0 0nO00330
000C72 H = 0.000 00000335
060073 B = 0.0D0 0n000340
008074 A = 0.000 00000345
060075 AL = 0.000 00000350
600076 wT = 0.000 00000355
aoen77 Y87 = £.0D0 00000340
000078 XBT = 0,000 000003265
00079 26T = 0.0D0 00000370
000080 YT = 0.0D0 00000375
oggoet DZT = 0.0D0 00000380
0go082 SWYT = 0,000 00000385
000083 SWXT = 0.0D0 00000390
000084 SWZT = 0.0D0 00000305
~ 000085 SWYST = 0.0D0 00000400
000086 SWXST = 0.0D0 00000405
000087 SWZST = 0.0D0 000N0u10
00088 SDYT = 0,000 0n000L1S
000089 SDXT = 0.,0D0 0000420
000090 SDZT = 0.0DO 00000425
000091 00 2 I=1717 66000430
000092 HOL(I)=0.0D0 00000435
006093 00 4 I=1,100 00000440
goo09hy wi{i) = 0.0D0 00000445
000095 Y8(I) = 0.0D0 80000450
000096 XB(I) = 0.0D0 00000455
000097 ZB(I = 0.0D00 00000460
000098 DY(I) = 0.0D0 00000465
000099 DX (1) = 0.0D0 00000470
000100 pzZ(I) = 0.0D0 00000475
000101 SWY(I) = 0.0D0 conNoL AN
600102 SWX(I) = 0,0D0 000004R5
T pU00103 SWZ(1) = 0.0n0 00000490
000104 SWYS(I) = 0.0D0 00000405
000105 SWXS(I) = 0.0D0 00nNN0sN0
000106 SW25(IY = 0.000 00000505
000107 SDY(I) = 0.0D0 00000510
600108 SDX(I) = 0.0D0 00N0NS15
cdo109 spzZ(1) = 0.0D6 000N0520
J 000110 CONTINUE 00000525
000111 D1 = 0.0D0 00000530
cﬁ*’ﬁﬁoilz D2 = 0,000 00000535
000113 n3 = 0.00D0 00000540
000114 cLl = 0.0D0 00000545
000115 cLe = 0,000 00000550
600116 cL3 = 0.0D0 00000555
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000117 cM1 = 0.0D0 00000560
000118 cM2 = 0.0D0 00000565
000119 cM3 = 0.0D0 . 00000570

000120 CN1 = 0,0D0 00000575
000121 CN2 = 0.0D0 0N00N0SA0
00122 CN3 = 0.0D0 00000585

___boy123 A3 = 0.0D0 00000590
000124 83 = 0.0D0 00000595
000125 €3 = 0,000 : 60000600

000126 cLi1s = 0,000 00000605
0006127 cL2s = 0,000 0n000610
000128 cL3s = 0.0D0 00000615
0060129 CcM1S = 0,000 : 00000620
000130 cM25 = 0.0D0 : 00000625
060131 cM3S = 0.0D0 00000630
000132 CN1S = 0,000 60000635
000133 CN2S = 0.0D0 00000640
000134 CN3S = 0.0DO 00000645
000135 £ = 0.0D0 00000650
0060136 PIZ 3.1415927D0C 00000655
000137 =1 0NC00NE60
000128 300_READ (515 JsMiNsKeY e Xs ZoRHO AL BLlrC1oR1:R2,R3I2H 00000665
000139 IF(N=-500) 310, 320, 959 00000670
000140 310 IF(M=2) 340, 330, 999 00000675
000141 - 320 READ (5,35)wle DY1s» DX1s DZ1 00000680
000142 GO TO 500 . 00000685
000143 330 READ (5,25)BrAsALrA2B2:C2 : 00000690
000144 340 IF(N=100) 460,999,410 00000605
000149 410 IF(N~200) 4200599,430 00000700
000146 420 L=N=100 00000705
000147 GO _TO 470 00000710
000148 430 IF (N=500) 440,500,999 00000715
000149 440 L=N-200 00000720

000150 GO TO 480 L 00000725
000151 G460 GO TO (601+602:603+604+60576067607160R,600+610:611+612,6137614s61500000730
000152 1/616+617+618:619162001621162216231A2416251H526016271628162991630) /N 000007325
000153 470 60 To (701+702y703,704,705,706¢707,70R,7099710,711+712,713,714,71500060740
000154 1716, 717 718,719,720 721072207230 724, 7251726+ 7270728+ 729¢730+ 7319700000745
006155 23297331730 T35, 73607371738, 739, TUD» TUL, TL2 s TU3» TG Tu5, 7462 74T 74800000750
000156 3,749,750) vL 00000755
000157 480 GO TO (801+,802,803,804,805,806+807r808,809+,810,811,812,813:814,81500000760
000156 1,816,817:818+,819,820,821+822+,823+024,R250826/+827¢828,829+830+,831+800000765
000159 232r833:8349835,836+837:838,839,840,841,842,843,844+845,8460847+84800000770
600160 3,849,850) ¢l ‘ 00000775
000161 601 CALL FOR1 00000780

____Gbu162 60 TQ 359 . 00000785
000163 602 CALL FOR2 . _ 60000790
000164 G0 TO 350 ! 00000795
000165 603 CALL_FOR3 : o 00000800
000166 GO TO 350 ' i 00000805
000167 604 CALL FORY4 ' : 06000810
000168 60 _To 350 . __.__00000815
0006169 605 CALL FORS 00000820
000170 GO TO 350 00000825
000171 606 CALL FOR6 A 00000830
000172 G0 TO 350 ' 00000835
000173 607 CALL FOR7 A 00000840

3000174 60 _TO 350 i 00000845

W 000175 ROUTINES FOR8 TO FOR30 DELETED. .

060176 668 CONTINUE ‘ : 00000850

—t
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000177 60_TO 350 00000855
000178 609 CONTINUE 00000860

M 000179 60 TO 350 00000865
000180 610 CONTINUE 00000870
000181 GO TO 350 00000875
oeolez 611 CONTINUE 00000880
000183 G0 TO 350 000008A5
000184 612 CONTINUE 00000890
060185 G0 TO 350 00000895
000186 613 CONTINUE 60000900
000187 60 TO 350 00000905

- 000188 614 CONTINUE 00000910
000189 G0_T0._350 00000915
000190 615 CONTINUE 00000920
000191 G0 .TO 350 00000925
000192 616 CONTINUE 06000930
000193 60 To 350 00000935
000194 617 CONTINUE 00000910
000195 GO_T0_350 00000945
0001956 618 CONTINUE 000060950
000197 GO TO 350 0neongss
___0ouiss 619 CONTINUE 0N0N02s0
000139 GO TO 350 00000965
000200 620 CONTINUE 00000970
000201 GO TO 350 00000975
0600202 621 CONTINUE 00000980
0006203 G0 TO 350 00000985
000204 622 CONTINUE 00000990
006205 60 TO 350 00000995
000206 623 CONTINUE 00001000
060207 60 TO 350 00001005
600208 624 CONTINUE 00001010
000209 60 TO 350 00001015
000210 625 CONTINUE 00001020
000211 GO To 350 60001025
006212 626 CONTINUE 00001030
000213 GO TO 350 00001035
000214 627 CONTINUE 00001040
000215 GO TO 350 00001045
000216 628 CONTIMNUE 00001050
Ttou217 60 To 350 00001055
000218 629 CONTINUE 000010650
._oocaloe 60 _To 350 00001065
000220 630 CONTINUE 00001070
00g221 60 To 350 006001075
000222 . 701 CALL FOR101 00001080
600223 GO To 250 00001085
000224 702 CALL FOR102 00001090
000225 60 TO 350 00001095

T 000226 703 CALL FOR103 00001100
000227 G0 To 350 0nn01105
L2228 704 CALL FOR104 00001110
060229 ¢0 TO 350 00001115
ad 600230 705 CALL FOR105 00001120
9! 000231 60 _T0 350 00001125
¢ 0060232 706 CALL FOR106 00001130
000233 GO TO 350 00001135
000234 707 CALL FOR107 00001140
000233 GO TO 350 00001145
000236 708 CALL FOR108 00001150
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600237 GO_T0_350 00001155
000238 709 CALL FOR109 000N1160
7] 060239 60 TO 350 00001165
000240 710 CALL FOR110 00NN1170
000241 GO To 350 00001175
0060242 711 cALL FOR111 000011A0
600243 60 T0 350 00001185
000244 712 cALL FOR112 00001190
000245 60 TO 350 000N1195
000246 713_CALL FOR113 00001200
_ 000247 GO TO 350 ; 00001205
000248 714 CALL FOR114 00001210
000249 60 To 350 00001215
000259 715 CALL FOR115 00001220
000251 60 To 350 00001225
000252 716 CALL FOR116 00001230
000253 G0 TO 350 00001235
000254 717 CALL FOR117 00001240
600255 G0 _To 350 0n001245
000256 718 CALL FOR118 00001250
0006257 GO TO 350 00001255
____ 000258 719 CALL FOR119 0n001260
000259 GO0 TO 350 00001265
000260 720 CALL FOR120 00001270
00261 __GO_T0 350 00NN1275
000262 721 CALL FOR121 000012480
600263 66 TG 350 00001285
__ DOU264 722 CALL FOR122 00001240
000265 GO TO 350 00001295
000266 723 CALL FOR123 00001300
000257 GO TO 350 00001305
000268 724 CALL FOR124 00001310
000269 G0 TO 350 000061315
000270 FOR125 TO- FOR150 REMOVED,
000271 725 CONTINUE 00001320
000272 60 To 350 00001325
000273 726 CONTINUE 00001330
00027% GO TO 350 00001335
000275 727 CONTINUE 00001340
800276 GO To 350 00001345
000277 728 CONTINUE 00001350
006278 60 TO 350 00001355
000279 729 CONTINUE 00001360
000230 60 TO 350 00001365
000281 730 COMTINUE 00001370
ous282 GO _T0_350 00001375
000233 731 CONTINUE 00001380
000284 GO TO 350 00001385
000285 732 CONTINUE 00001390
000286 60 TOo 350 00001395
600287 733 CONTINUE 00001400
000288 60 _To 350 00001405
000289 734 CONTINUE 00001410
000290 60 TO 350 : 00001415
3. 000291 735 CONTINUE ; 00001420
g 00c292 60 To 350 : 00001425
0060293 736 CONTINUE 00001430
£00294% G0 To 350 00001435
600295 737 CONTINUE , 00001440
000296 60 TO 350 \ 00001445
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000297 738 CONTINUE 00001450
000298 GO TO 350 60001455
000299 73S CONTINUE 00001460
006300 60 TO 350 00001465
000361 740 CONTINUE 00001470
000302 60 TO 350 00001475
000303 741 CONTINUE 00001480
000304 G0 To 350 000014R5
000305 742 CONTINUE 00001490
0006306 GO_T0 350 00001495
000307 743 CONTIMNUE 00001500
000308 GO TO 350 00001505
000309 744 CONTINUE 00001510
000310 60 To 350 00001515
000311 745 CONTINUE 80001520
000312 GO TO 350 00001525
600313 746 CONTINUE 00001530
000314 g0 TO 350 00001535
000315 747 CONTINUE_ 00001540
000316 60 TO 350 00001545
000317 748 CONTINUE 00001550
006318 __GO_To 350 00001555
600319 7497 CONTINUE 00001560
000320 ° GO TO 350 00001565
000321 750 CONTINUE 60001570
000322 60 70 350 00001575
000323 801 cALL FOR201 00001580
___ouo3zs 60 TO 350 00001585
806325 802 CALL FOR202 00001590
800326 GO TO 350 00001595
000327 803 CALL FOR203 00001600
T 000328 GO Y0 350 00001605
005329 804 CALL FOR204 00001610
000330 60 TO 350 00001615
000331 805 CALL FOR205 00601620
000332 : GO To 350 000601625
000333 806 CALL FOR206 00001630
000334 G0 TOo 350 . 00001635
000335 807 CALL FOR207 00001640
000336 GO TO 350 00001645
0U5337 608 CALL FOR208 60001650
500338 60 TO 350 00001655
000339 FOR206 .
00u34D FOR209 TO FOR250 REMOVED.
600341 809 CONTINUE ' 60001660
900342 60 _TO 350 00001665
TTTG00343 810 CONTINUE 00001670
000344 GO TO 350 00001675
000345 811 CONTINUE 000N01680
000346 G0 TO 350 00001685
000347 812 CONTINUE 60001690
600348 60 _TO 350 00001695
060349 813 CONTINUE 00001700
=3 000350 G0 TO 350 00001705
a} 000351 814 CONTINUE 00001710
00U352 GO TO 350 00001715
000353 815 CONTINUE 00001720
000354 - GO TO 350 00001725
000355 816 CONTINUE 00001730
000356 60 TO 350

00001735



Rotre Buingss Forms, oz sv

82,

EEAEE ey

At W Tl AL T de SIE b wer

— 000357 817 CONTINUE 00001740
000358 GO0 TO 350 00001745
000359 818 CONTINUE 00001750
600360 GO _To 350 00001755
000361 819 CONTINUE 00001760
000362 60 TO 350 00001765
000363 820 CONTINUE 00001770
000364 GO TO 350 00001775
000365 821 CONTINUE 00001780
000366 60 TO 350 00001785
000367 8§22 CONTINUE 00001790
000368 GO TO 350 00001795

000369 823 CONTINUE 00001800
000370 GO0 TO 350 00001805
000371 824 CONTINUE 0nN001810
000372 60 To 350 00001815
006373 825 CONTINUE 0aN01820
00374 GO TO 350 00001825

____©eo37s 826 CONTINUE 00001830
000376 G0 TO 350 00001835
000377 827 CONTINUE 00001840
000378 60 _To 350 00001845
000379 828 CONTINUE 00001850
000380 GO0 To 350 cono1ass

___oco3sr 829 CONTINUE . 00001R860
000382 GO0 TO 3590 00001865
000383 830 CONTINUE 00001870

____ovo3zsy 60 TO 350 00001875
000385 831 CONTINUE 000018R0
000386 GO TO 350 00001885
000387 832 CONTIMUE 0non1800
000388 GO TO 350 00N01895
000389 833 CONTINUE 6n001900
000390 60 TO 350 0000190%

006391 834 CONTINUE 00001910
000392 G0 TO 350 00001915
006393 835 CONTINUE 00001920
000394 60 TO 350 00001925
00639% 836 CONTINUE 00001930
000396 60 To 350 00001935

0006397 837 CONTIRUE 00001940
000398 G0 TO 350 00001945
000399 838 CONTINUE 0n001950
000400 G0 TO 350 0n001955
000401 839 CONTINUE 00001960

000402 60 _T0 350 ! 00001965
000403 840 CONTINUE 00001970
000404 60 TO 350 00001975
009405 841 CONTINUE 00001980
000406 G0 TO 350 00001985
000407 842 CONTINUE 0n0nN1900
000408 G0 TO 350 00001995
000409 843 CONTINUE 00002000
000410 60 To 350 00002005
000411 844 CONTINUE 006002010
000412 G0 TOo 350 00002015
000413 845 CONTINUE 00002020
000414 60 To 350 00002025
00oL1s 846 CONTINUE 00002030
000416 G0 TO 350 00002035
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000417 847 CONTINUE 00002040
000418 GC TO 350 00002045
000419 848 CONTINUE 00002050
000420 60 _To 350 00002085
ogonel 849 CONTINUE 00002060
goou22 G0 TO 350 00002065
000423 850 CONTINUE 00002070
000u2y - G0 T0 350 00002075
000425 500 CALL FOR500 00N020R0
000426 350 WRITE (6s,65)KsMeWlrYBRyXBRyZBReDY1rDX1,D21 06002085
000427 WEIGHT SUMS ) 00002090
000428 WT=WT +W1 00002005
000429 WIK) = W(K) +wl 00002100
000430 - FIRST MOMENT SUMS 00002105
0060431 SUYT = SWYT +W1xYBR 00002110
000432 SWY(K) = SWY(K) + W1*YRR 00002115
000433 SWXT ZSWXT + W1 * XBR 00002120
000434 SWX(K) = SWX{K) + W1%XBR 00002125
000435 SWZT_= SWZT + Wlx 2BR 00002130
066436 SWZIK) = SWZ(K) + Wix ZBR 00002135
000437 SECOND MOMENT SUMS 00002140
. 000u38 SWYST = SWYST +W1%YBR **2 00002145
000439 SWYS(K) = SWYS(K) + WlkYBR*%2 00002150
000440 SWXST = suxsr + WLkXBR *%2 00002155
000Uyl SWXS(K) = SWXS(K) + Wlx XBR¥%x2 00002160
T 000442 SWZST = SWZST + W1 *ZBR#*2 00002165
000443 SWZS(K) = SWZS(K) + Wilx ZBR¥%2 00002170
000444 DELTA SUMS 00002175 _
000545 SDYT = SDYT + DY1 00002180
000446 SDY(K) = SDY(K) +DY1 00002185
000447 SDAT = spr + DX1 00002190
000448 SOA(K)Y = SDX(KY +DX1 00002195
000LG9 sDZT = sozr + Dz1 00002200
000450 SDZ(K) = SDZ2(K) + Dz1 0n002205
00451 IF(IY 73767 360, 370 00002210
000452 360 I=1+1 00002215
000453 GO TO 300 0n002220
00nLSH 370 WRITE (B775) 00002225
000455 DO 390 I=1,100 .00002230
000456 IF(W(I)) 380:390+380 00002225
TTIg00us7 380 YB(I) = swY(I) /w(D) 00002240
000458 XB(I) = SWX(I) su(l) 00002245
000459 ZB(1) = SWZ(I) /w(I) 00002250
000460 DY(I) = SWXS(I) + SWZS(1) +SDY(I) =W(I) »(XB(I)*%2 + ZB(I)*¥2) 00002255
0oou61 DX(I) = SWYS(I) + SWZS(I) +SDX(I) =W(I) =(YB(I)*%2 + ZB(I)*%2) 00602240
____0oos62 DZ(I) = SWXS(I) + SWYS(I) + SDZ(I)_=wW(X) *(YB{I)**x2 + XB(I)#*%x2) 00002245
000463 WRITE (6+85)1s W(I)oYB(I)-XB(I)'ZB(I)oDY(I)vDX(I)'DZ(I) 00002270
00046Y 390 CONTINUE 00002275
000465 WRITE (6¢95) 00002280
000466 YEBT = SwYT /wT 00002285
000467 XBT = SWXT /WT 00002290
000468 ZBT = SwzT /uT 00002295
000469 DYT = SWXST + SWZST +SDYT ~WT*(XBT#%2 + sBT#%2) 00002300
000470 DXT = SWYST + SWZST +SDXT =WT*{YBT**2 + /BT#*%2) 00002305
000471 D2T = SWXST + SWYST +SDZT ~WT*(YRT**2 + XAT%%x2) 00002310
000472 L=0 v 00002315
a} 000473 WRITE (6+,85)Ls WTs YBT» XBT» 2BT, DYTs» D)Ts DZ2T 00002320
L 000474 GO T0 200 ‘ 00002325
000575 §99 WRITE (/4501 , 00002330
000476 1000 CALL EXIT : 00002335
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000477 sToP 00002340
000478 505 FORMAT (12A6) 00002345
000479 15 FORMAT(2I1+13+12+1F5.212F6421F6+4s7F6.3 ) 00002350
000480 25 FORMAT(6F12,6) — 00002355
000481 35 FORMAT(4F12.4) 00002360
000482 45 FORMAT(33HO INCORRECT VALUE FOR N OR M IN I3s 9HTH ENTRY. 00002365
000483 55 FORMAT(1HO 40Xs 28HRESULTS = INDIVIDUAL FNTRIES // u4Xs 1HK 3X» 1HN0OOO0O2370
000434 1 7X» BHWEIGHT BXs 4HYBAR 5X» 4HXBAR 5Xr LHZBAR 8Xr 7HDELTA Y 10Xs 00002375
000485 27HDELTA X 10Xs T7HDELTA 2 ) 00002380
000486 65 FORMAT(2ISIEL1T7.813F9.293E17.8) 00002385
000487 75 FORMAT(1HO 44Xe 20HRESULTS ~ SUB GROUPS // 5Xr SHGROUP 6X» 6HWEIGH00002390
000488 1T 8X» UHYBAR 5X» 4HXBAR 5X» 4HZBAR 8Xs 7HDELTA Y 10Xe 7HDELTA X 00002395
000489 210X» 7HDELTA 2) 00002400
060490 85 FORMAT(I8+ E1948¢ 3F9.2+ 3E17,8 ) 00002405
000491 95 FORMAT(1HO 52Xs SHTOTAL //) 00002410
000492 END 00002415

08|
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@ ELT SPEDEL.1

+ 710420, 60490

000001 CSPCLTV 00004215
000002 SUBROUTINE SPEDEL 00N04220
000003 C COMPUTES ROTATED DELTA VALUEG _WHEN PROD., OF L_NOT ZERO, 00004225
000004 IMPLICIT REAU*8 (A-}(y0=2) Dnoos230
00Cn0s DIMENSION HOL(12), W(loO), YB(100). XB(100), ZB(100)» DYNOOOLL3S
0006006 1¢100)r DX(100)s DZ(100), SWY(100), SWX{(1)0)s SWZ(100)» SWYS(100)» 0NONU42uOQ
0000067 25WXS (1000, SWZS(100), SDY(100), SDX(100), SDZ(100) 00004245
0v0008 COMMON  PI 00004250
000009 COMMON __ ¥/l » YBR ¢ XBR_ + _2RR v DY e DX1 00004255
600010 COMMON D21 » DPY v DPX ¢+ DPZ S e T 00004260
000011 COMMON  J v N r K ¢ M ' ' X 0nN0N4265
000012 COMMON 7 » RHO r AL ¢+ B1 _r C1 .Y 00004270
000013 COMMON ~ B2 ¢ C2 ¢ R1 r R2 » R3 e H 00004275
000014 COMMON B v A ¢ AL v WT r YBT ¢ XBT 00004280
009015 COMMON _ ZBT v DYT ¢ DXT e D2T v SWYT e SWXT 000042R5
000016 COMMON  SWZT r SWYST » SWXST » SWZST » SDYT » SDXT 0nN0Nu290
600017 COMMON  SDZT » HOL r W » YB v XB ¢ 2B 00nN04295%
000018, COMMON DY + DX e DZ s SWY ¢ SWX ¢ SWZ __000n4300
TTTToce9le COMMON SwYS v SWXS y SWZS » sDY ¢ SDX + SDZ 0n004305
000020 COMMON D1 v D2 r D3 » CL1 r CL2 r CL3 00004310
000021 COMMON €M1 s CM2 r CM3 » CN1 o CN2 r CN3 oonouz1s
Tg00022 coMMoN a3 » B3 »y C3 » CL1S r CL2S ¢ CL3S 00004320
000023 COMMON CM1S ¢ CM2S » CM3S » CN1S ¢ CN2S ¢ CN3S 00004325
000024 COMMON  E PV v PY » PX PZ 00004330
ocop2es DY1= CL1S*DPY +CL25%DFX + CL3G*DPZ =2. DDJ*(PY*CLZ*CLS +PYX*CL1*CL3 00004335
00u026 14+PZ¥CL1%CL2) 00004340
poou27 DX1= CM1S#[PY +CM25*DPX +CM3S*DPZ =2,0N0k(PY4CM2%CM3 +PX+#CM1%CM3 +00004345
000028 1PZ*CM1%CMZ) 00004350
000029 DZ1= CM1S*DPY +CN2S*DPX +CN3S*DPZ =2.000+¢ (PY*CN2*CN3 + PX*CN1*CN3 00004355
000030 1+PZ*CN1*CN2) 00004360
060031 RETURN 00004365
000032 END 00004370

23
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T ELT SPEDIR,1+710420, 60491

000001 T CSPORCO onoou37s -
000002 SUBROUTINE SPEDIR _ 000NLE3R0
. _o00p003_ ¢ COMPUTES DIRECTION COSINES AND CaGo . pooou3mss o
000004 IMPLICIT REAL*8 (A=H,0=2) nnone390
000005 DIMENSION HOL(12)s W(100), YB(1N00:, XR(100)» ZB(100). nYNnonou3os
_0LUooe. 1(100)» DX(100)» DZ(100)» SWY(100)e SWX(:00), SWZ(100)e SWYS(100),» OONO44oOO L
060007 25WXS(100)r SWZS(100)» SDY(100)e SDX(100:, SPZ(100) anonuyns
600008 COMMON  PI anoouLe1o
000009 o COMMON Wl 4 YBR___ s XRR_____s ZRR___ o+ DYI1 » DX1 0ooNLL1S — . —
ouUD01o COMMON  DZ1 » DPY » DPX » DPZ 'y S ' T 00008420
0060011 COMMON  J s N v K ' M 'Y ' X 00004y 2S
____ooyolz_ COMMOM 2 4 RHO_ o Al e B1__ s C1 v A2 __opgonmuxg )
QUUOo13 COMMON B2 r C2 ¢ RL + R2 ¢ R3 v H 00004035
600014 COMMON B » A v AL ¢ WT » YBT » XBT 0nnOLLL D
000015 COMMON__ZRT _ » DYT____ s DXT s DZY_ __» SWYTY 2 SWXT________ op0OoLuss o
5UG016 COMMON  SWZT » SHYST » SWXST o+ SW7ST » SDYT » SDXT 00004450
000017 COMMOM  SDZT s HCL oW ¢ YR ¢ XB r ZB NOOOLASS
030018 COMMOM__ DY o DX _ ¢ DZ .o SWY ___v SWX____s.SWZ._. _ . _ 0DOOUBED . . _____ . .
00u019 COMMON  SWYS » SWXS r SW2ZS » SDY v SDX v SDZ NONOHLAS
U029 COiMON DI » D2 v D3 v CL1 v CL2 ' CL3 00004470
___buoc2y COMMON__CM1  » CM2  » CM3 s CN1___ o CN2 +_CN3 oooouy?s o B N
gugpes COMMON A3 + B3 ) C3 e CL1S o CL2S ¢ CL3S 00004LAD
000023 COMMON  CM1S y CM25 » CM3S ¢ CN1S  » CN2S » CN3S 0000L4AS
_ogbooas B COMMON E 4w ¥ v PY 4 PX __ __s PZ 00004490 .
000025 CALL DIRC 000044095
000026 YBR= Y + S%CL1 4V*CL2 + T%CL32 0N004500
600027 XBRT X + S*CM1_+y*CM2 + T*CM3_ gonousns 3
T Tegsoozs” T ZBR=Z ¥ S*CNT +VACN2 + T*CN3 00004510
0C0029 RETURN 00004515
_ 000030 END - on0ous20
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W ELT ZIRT+1,7104209 60493
T goo001 T CZKT204 N0012245
000002 FUNCTION ZIRT(T/EsR,F) 00032270
~_00u003 e .C__ COMPUTES PART OF DELTA Z IN FOR204 e _onateers
000004 IMPLICIT REAL*8 (A-H,0=2) one122a0
000005 REAL * 8 TyE+RsF onn122a5
___00uo06 0=.25D0%R*¥R* (1, 0D0E*E) +E¥EXF*F onn12200 __ _ e
000007 WZe2D0%R¥R#*(1.0007/6+0D0=E*E) 00012295
000008 X=.25D0 *E #E *R +F 0n012300
000009 Y= 2.,0D0*W/3.0D0-(5.000/12.000%R*R +E*EXEFF)_/3,0 DO _______ 0np123ns i o
360010 2= ExE *R*R /36.0D0 0n012310
000011 S=DSIM(T) 0nN12215
000012 C=DCOSKT) ‘ o 0n012320 o o
T 7 0000613 P=DSIN(2,000%T) 00012325
0U001Y 0ZUCOS(2.0D0%T) 0N6012330
000015 US=DSIN(3,000%T) .. ogni1233zs T
L0616 VIZRCO0S(3.000=2T) o0Qn1o3n0
6poeLy GIDSIN(4.0DU*T) 0n012345
_gueols _ ZIRTZO*(S=THC)+Y4S#4 I+ Xk (T 25N0%G=P+2, IDOXT*Q) +WASkxI*Ck%2+2% _ 0ANI2350
T T yveole 1( U=3.0D0*T*y ) 0n012255
0cuo2d RETURN 0n012360
vooe2y Ew. 00012365 L o
4. TRI X 21:51:28
- S ) 21:51:28
— _EHD CUR —— e S
@
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R KKK R R KO Rk Ko A AR R KO K R A K kK TS0 =280 08 INFORMATION=SYSTEMS=DES TGN 1 5=MAY =1 07250k koo s ¥k ok 4k Ak A AR KRR ARk

FRAAFF AL R RA XL R AN KA Rk Dok AR AR ok ke Adkokok Gk Ak ok ok Gk K ANk Tk Aok Dok bk Aok 1 okkok A kok K Dok kok AR Kok Bk b A kb Yk kR A KA RSk Bk AR KB AR KAR KK TRk RARERD ¥k A
_Cina ABCDEFGHIJKLMNOPGRSTUVWXYZ) =+<=>&$*(%:2!,\0123456789;/.\ BL J#A ABCDEFGHIJKLMNOPQRSTUVWXYZ)=+<=>85% (%221 +/\0123456789"':/.\ BL IHa

16 MAY_72 N 21:51:28  IDENT=FYEE___ ACCOUNT=428999 CARDS IN= 11, OUT= 0

PAGES= 73» LINES= 2883, TIME=00:00:14 (HMS)

ALL SOFTWARE ISD PROVIDES OR MAKES AVAILABLE FOR USE, IN ANY FORM WHAYSOEVER: IS PROPRIETARY

- T ot O S s 208 Tt D s S T e e e e S BT g S e S o g W A o — - o o T T s 0 o T e S > B s e e - -y - o - o

KKk USER NOTICES - MAY 16¢ 1972 kK
4ROk ok Kok kK

ISD'S 1108 WILL BE UNAVAILABLE FOR TERMINAL SERVICE FROM 7:00 ~ 7:30 TOMORROW MORMING {( 5/17/72 ) IN ADDITIOM TO THE
NORMALLY SCHEDULED DOWN TIMEs» TO MAKE EQUIPTMENT REPAIRS.

R KA kR K

(1) ISD 1108 TERMINAL SERVICE WILL BE AVAILABLE AS SCHEDULED EELOW UNLESS OTHERWISE SPECTFIED IN A USER NOTICE.

MON t 07:00 = 24300
TUE = FRI : 00:00 ~.03:00 ; 07:00 = 24:00
SAT : 00:00 = 22100
SUN : 04:00 - 22:00

(2) RON/I TELEPHONE NUMBERS
14 CHAR/SEC 415~635-1051 { 4 PORTS )

LEE S 415-635-9559 IS NOW AVAILABLE FOR USE AS A 20 CHAR/SEC LOW SPEED PORT.
K ON 5/17/72y 4%15-562-4294 WILL BE TAKEN OUT OF SERVICE AS A LOW SPEED PORT,

(3) EFFECTIVE MONDAY —= FRIDAY TURNAROUND TIME SHOULD BE REDUCED BETWEEN THE HOURS OF 10:!30 - 11:3r AMD 14100 - 17:00 FOR USERS
SUBMITTING NON-TAPE JOBS WITH RUN TIMES ESTIMATED AT LESS THAN 6 MINUTES.

(4) THE 1004 DIAL=-UP PHONE NUMBERS ARE LISTED BELOW,

415-562~0809 AND 415-562-0810

(5) ATTENTION RONSI USERS: e

BEGINNING MAY 15+ A MAJOR REVISION TO THE RON/I SYSTEM WILL TAKE PLACE. ALL COMMANDS WILL REGUIRE AT LEAST 2 CHARACTERS,

THE SIGN-ON REQUIRES YOUR 6 CHARACTER ACCOUNT MNUMBER_IN ACDITION.-TO YOUR SITE CODE ( GQSITFAO 123456 ).

THE RCN/I MANUAL 1S AVAILABLE FROM THE ISD DOCUMENT LIBRAKY.

-k 04 4y g VD R P et A A SR s ST oy o A P B st B T Dy T D iy D S A i S S S o, S A s S e o — - — - - - - e -
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L 34a ABCDEFGHIJKLMNOPQRSTUVWXYZ)=+<=>8%*(%:2!,\0123456789'i/.\ [RC I#a_ ABCDEFGHIJKLMNOPQRSTUVWXYZ) =+<=>85*(%:2!9\0123456789";/.\ RC 144
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16 MAY 72 N 21:51:28 IDENT=FYEE ACCOUNT=428999 CARDS IN=

PAGES= 73e LINES= 2883, TIME=00:00:14 (HMS)

11, 0OUT= 0
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APPENDIX C

PROGRAM E15301

USERS' MANUAL-

N8120R:72-028
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H. J. Badexr, Manager
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PROPQOSAL WEIGHT, C. G., AND MOMENT
OF INERTIA COMPUTATIONS

Program E15301
(Addendum)

Aerojet—General Corporation
Computing Sciences
Sacramento, California

by

J. A. Budzenski

7 May 1969
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Aerojet-General Corporation
Computing Sciences Division
Sacramento, California

Proposal Weight, C. G., And
Moment of Inertia Computations

Program E15301

J. A. Budzenski
7 February 1967
Page 1 of 1

Cosmic Number LOO (Program For Estimating Proposal Weight = Center of
Gravity and Moment of Inertia of Rocket E&ngines and Their Components),
an IBM 709L program from North American has been adapted to the IBY
360 FORTRAN Level H without changes in logic. ‘

DOCUMENTATION

Documentation for the program has been prepared by R. J. Huff of
North Armerican and is attached as Enclosure 1. Note enclosed 1s a
new data format sheet.

For added information please see Ken Talbott, Department 7730, Building
2019, Extension 5-7627, Department lanager G. S. Kaveney.

FUTURE EXPLNSION

Subroutines are available for new configurations. In order to incorporate
a new subroutine you must submit a problem statement to Computing Sciences
Division, '
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CUSTOMER INSTRUCTIONS l REYPUNTH INSTRUCTIONS

Y, TNTFO CATA LECIBLY »jTrin SPACES PROVILID }

R R A PRI R I T

2. DUTIRIU M BETRIEN Tve d, 808 Zes 2, Uen ¥, 5 et TRTTTIPREAN

SR N" lsw‘” “kn)\ WL nuur (‘ARD‘.

STV ARE paNn PO TED . 0 o, PROCAAMULE

!
I
3 Syrdol explafnation for first card ; -
J 2 Last item indicater (7 if ltast, blank {if not) s {
>

ACURPACY S way oL it

M = Nurber of cards for tMs entry (1 or 2) . SIS £16301 J, Budzenski
N o= formula nurter - | “L:“ ”:‘ s e - e
: Subd. =k 4 e - )
& = Sub.group nurber (must not be blank or »ero) | :~ Proposal Weight, C.G., And Moment
L "i" Indicates assumed location of <ecimal point . | of Inertia Computations
! FONMATPHO LD Tugr ® ngt aare
: 4
i -
Title Card - One for each case.
1. Typical first card format for individual {tem, ’ 3. Typical second card format for formula 500 only,
2. Typical second card format for individual entry - when reouired. .

R 12 [EIRPRET RTINS RHCEF IS TR zwujsn_s.n umh $137i58, 3015088 Ta..s- 64:065:88 67188 85,70, 75,72, 13, 74778, 7

! T j ] ! 1 . . —f
T T T Tl T O T T N T S e ot e T A At R A T T S St Y A A R e Mt e A R A M R Y O T At R St Y W B T B A R
S S Iy e e o e s S O e e T AT T T T T e A T T B

e e T S R A S S T A S T I S A A S e R T S T T A Y O A O A A (N R R I R TR R O B R A PR
A M IR s A N s M T T A Y St A O Y R S B N R A A R 1 T T T T I AR T T T e T S e e R T R R M i D T S i1

&’? b T LA R R A I R U R A R A R R I FAS U A A I R R
:_w—‘ T T H FTTTTY i . [ T T T T N e I Tt T i R T sl GRE Rt g BAT R
( e e e = . . - P, e e S 4
i' N i R R e D O A 1P T A T T R T T R T VYT YT Oy
\\' P T St O T T B O VT R ' v v v N T A (T T T I (I o | E"Isiz'o'

P R I R T B B IR LN L AR AT | TR YL L LN I I R A L A L L AR [ RN N AP AP BV ..|:uh- redran aw Antar 0 Ay as 3 e ‘A"]f‘ '"-"‘»'."'.."."A‘,‘]'f.LQ'.'!"lQ;!.i"..1."'.,'»‘ [ '“," oy



.gx-“t"/

1 for ESTIMATING PROPOSAT,

TR of GRAVITY ard

oy A ‘:':‘:.
RCOCKEZ-ENIINES and THZIR CG:PONRNTS.
B \ few
o ,
/\//0*7 /7/"/ e ,//
-

FRIPARED DY
Rede hv‘f

Viei /‘w Contyol A
D59810.

JUis 1962

30



NAR 50340

“ e . Page 4
30910901 . = e
_ WEIGHT CONTROL I 70,«1; PAOGRAM DESCRIPTION

TITLE ' Proposal weight, C G.,, and Moment of .
- Inertia Comp\.\’o:. tlons :

DSCK X0, TR-052 ST
wocitIon . EORM File : R
DATE B e :
PROGRAZER  Redo Hatf, 55610 e R
.‘. .‘. g ) L
PR ‘ e 91



. NAR 503540

Page 5
30,00
TARBLT O CONTENTS
REGLOL - 20

PROPOSAL WTo,; CoGoy MoTI. PROGRRM 7R-062

seertoy R . PAGR

30,0  Table of Contents, | : . 30400,01

30.1 General Progran l}a‘scrip"cion | - o 30010»;01
List .. shapes included in the pr'ogran . SOoucOl
Data Vriteup f - 3041201

N

Chart - "ivailadle Confizurations? =~ - © 30613.0%

30,2 = Definition of Geomebrical Confizurztions o
Formila O1 « Hollow Cylinder S _ 30622501
Formla 02 - Hollow Torus . 30.,22.0L
Forrmula 03 - Solid Sphere . ) 30,2301

Fornula Ol - Ouber halfetoruvs, sclid . 30,2550, .

Formula 05

¢

Tiner halfetorus, solid 30,625,012

Pormula 05

3

Tmer halfetoroidal shell — 30.26.01
' Formla 07 « Outer half-toroidal shell " 30027501
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A.BSlIL\

Details of the mechanics and use of an I:i 7090 preszram designed to allow

rapid weight, C.G. and M.I. evelvation of engine or .omponunt layouts Irom g

o

minimua of data input are presented. Each casz conslsts of a composite

........_

of assumced common geometrical shapes,

INTRODUCTION

The increasing {low of proposal layouts into the Weight Control Unit for . |

welght, C.G., and M.X. analysis has placed a serious burden on the reduced

manpower available. In general, the approach to each of these tasks is P
identical; 1.e.; the layout is broken up into parus, each of which takes a K{<l/
standard geometric shape. Values of weight, C.G. and moment of inertia Jlor o

each part are cemputed by hand from existing formulas, and the rcsalt

Ao -~ 1 B Pad 3 “ e PO o 4 -, NP AR
then combined., It is the aim of the present program Lo expedite this px

cess by elimiﬁating this hand-compuiation. .

General Prozran Plan o ‘ - . - ’ /
T

The general plan of the progrem requires that cach component be resolved \

into a collection of standard shapes, and that the minimuwi number of dimen-

sional parameters da fln;nﬂ each be submitted as.ingut data., Separats sube

rouvines tihcn process the data for each entry, rbuultin; in a weight, center’

of gravity, and three properly orlented delta valuves for each, with respect

to a reference coordinate system. The master program then performs el

calewlations necessary to combine these results into a totel weight, G.G.

and momznts of incrtis for the componzat, - - **#j

2y wbilizing seperate subrouvtines for different shapes, thoe progrom may bo Q6

asily erxpanded in the fuwture, should pow shapoe be Jound do jradla,  Input
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data for each entry consicts in general of the dimensions defining the

tq
)

shape, the density of mater the location of some ldentifying point in

'_l'

o

H
A7

he common reference axdls system, and direction mumber 1ndicat1n5 the ori-
erntation (and sense) of one or more of the prineipal axes of the shape witnh

respect to the common axis system, A nrunber identifying the particular

shape assumed must also be furnished with each dnpubt entrye.

acility for removing mate *Ql frem the total.is provided by the density
variable, To remove weight,; a ncgative sign is attached to the density; the

vrititen in .the standard fashion,

- <)

Printed results fo each case w31l consist of a list containing the weight,
C.8. ard incriia delta values of each entry, in addition to values for the

entire combination, :

Ceroutationa Performed by Subroutines

Fach uun“c tine computes and fnrnlsh s to the main program the following
. N _
inforration for an individual entry: 4 . ¢
1. Weizht (may be positive or nzgative)
©
2. C.G. The individwal center of gravity is determined QAT@Culy from
the-input, when the shape has cymmetry such that the centroid may
be fixed visually without calculation, -or by computation. In the
Jatter case, the location of somie unique point on the shape is
given as input, and the computed C.G. measured from this point.
3. Delta values zbouv axes thiu the centrodd, and parallel to the
nesez values are computed in two

.. cre i~y . -y e
COIN0N GySTLTM XL CIClll &GXil.e 4

Y e & oL [N PP o L3 FR)
stepc,  Firsy; tnho momente of dnertia of the shaps abovu Iig
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. UB -
principal exes are computed using standard formulas based on ths
geometry of the shape, Secondly, the orientation of th syatem

reference axes with respect to these principal axes is dvucrmincd

P,

”

fron the input data d»zlnlnv the direction numbers of the axiu of

revolution (for solids of revoluiicn) and onc of the remaining

axes of the principal axis gystem for other shapes. The principal

axes arc then rotated into coincidencs with the reference a»:iu
systom, and delta values of the shape computed in the new configur-
ation, Thesc computations are simplified by the fact that products

of inertia in the principal axds systemare zero., Delta values

%311 be negative vhen weight is pagailveo

.

Cenvutaticons Performced by the MNain Prozran

cr
yre
3
[
5]
L
[t
@

After processing cach separate entry by weans of the proper sudbrou

ER

rain program will contain, in storage, a complete sct of weights, C.Ge's and

deltas for all constituents. The main progran then comD tes and svores ths
following sums: o = S
2 s , S ' ~ WEIGH TS
> Y Z .A,L/"' ~ = = ST
o L X 2 WA D /7" memENTS

VLo

Z'/vu-”}};z' Z—M" 5-22. » Z ..““*"‘:7:&, .'.‘ Z Mo//é,//
b Lny > ax | > A% RDELTAS

These data are then combined to-compuie:
we - OT AL IWEZELNT
VW = 2 T £C
SF = = Y o _
- — - y CENVER OF GRAVITY
X - 4 o L™ P v/
Z 2T PV AL
4

NAR 30;&0
are 11

38



N 5050
Pore 12
30010,05

-2 - -2 AS 2 =2
AY =3 X+ zl.au";b : AY - X + £

-

11

AX ZNT Sy e ZA"‘ - w[? *Ez]

-

: ' T . . o s
pE=S it v TGt v 5ay W[V XT]

Cecmatrical Shanes Included in Progran

A1l geometrical shapes coqcldnrud in this program fall into three

major types, as follovs: T
Tyoe I Solids of revolution, symmetrical aboub b boih p“*“c*nel axese

This type reguires only the cirection of the axls of symmetsy

to be completely orlented,

Tyes II- . Solids of revolution with only one axis of symmeiry. This type

(55

is completely oriented when the vositive direction of the axis

of symmeiry is spec 1fied; since the relation of this axis sense
- .

to the bvody 10 fixed by arbitrary coavention,

~

Tvoe ITI Shapes which are not solids of revolution. This type requir

- e 'y e S ’ :
the direction 2nd sense of two principal axes, in order to be
- completely oriented, o o . Lo

Use of the Prorrar

It is felit that bhl” progran could beeome one of *he weitht engincer's
nost useful toolse Proper wrile-up of the data will seem tedious and slow
at first, but with familiarity and proactice, will eventually result in suba-

‘SVan tial tire saving. Suggestions for dmproviomant or expansion vAll bo

inorporated as erpzricnce dlctates, o o . }5}5)
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CURREXNT LIST -~ SHAPES INCIUDED IV FROGAAM

TYPE T
,

0l . Hollow cylirnder . .
02 }’iollcw torus ' .
03 Solid sphere
oh  Outer malf-torvs, solid .
05 Inner half-torus, solid = - - . e )
05 . Inner half-iorcical shell . -
07 Cuter half-toroidal shell

‘-'5

100
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_CWJ“J‘HS“~S“$CDH$LMJ)TN‘MSEJ

'lOl. . Frustrim of coﬁe, solid” ‘ :

102 Outside rillet of revolution

103 Inside fillet of revolution - '
10k Solid spherical éegment,n 2 baséé:~' o _ 'af3_ -“!.5;i12. f oo

105 . Hemisphere;-solid . .T. ' ' A';Elf::;;fﬁ?. ::”?-lfi'”- ;-;” :

1056 Cuter quarier of téruSs solld :.:‘1 B L | | .

107 | Frustrun of hollew coﬁei B ' ‘

168 . Annular frustrua ;.éylindrical hélc. T
109 Annular cylindei, coniéal ﬁola N |

116 Trapezoid of revolution. o ':;i;}-].- : |
111 ‘Trapezoid of rcvolutioni . 'fgﬂul) f_iiifi?ff";‘;f B S
112 A,'Inner Guarter of éolid €brﬁs'f_:"il ?f.ﬁ":;':::f}j i,' s

113 - Inner quarter, toroida; ;hpll‘:,_: " L

C . a
11k « Hollow sphrerical scg““nu "~ ' "

15 Outer quarter, toroidal ghell . -
315 Axial sevment solid torus S . R0 et

117 Axial segment, hollow rus'vf"'u:L-' . f& : N ;:‘ﬂ:;_ - f:i'”;:‘

118 . Radial Sﬁgreng, solid, torL ': ~:A}jifﬁf ' i'i' . R ) :
119 - Radial Sc»mvnt, hollew uo u'. S o 1'
'iQO Raddal sccﬁ*?; soldd Sorus o . l
{
121 Radial-scctor;'hollow torus
122 Axial scgﬁant of holiow clliptical spherolid ..
j :g e ' ;“'f' ' N {:};‘Efi. ;- {';:” ':
f; R f i | DL "Y';55*7Q'f B ffji()jl
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CURRENT IIST - SHAPZS LICLUDED IM FRCGORAY
TYPE TIX .
201 Sector of hollow tormus
202 Rectangular prdsa.
20 " Sector of outer half-torus, solid .-
3

.

20l Truncated ungula. of eylinder:

205 Solid tapered torus
205 Hollow tepered torus
207 - Sector of hollow tapered disik:

208 Sector of wedge ..of.‘. rey.olxii;_ion

e

102
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~ DATA WRITEUP el )

WY ""'\‘A TNy hnralatel p il
PRELIMINARY DATA RECCRDING

As an aid in recording data measwred from a lsyout or print, worksheetls
of tre form shown on pare 20,12.002 haove bseﬂ preparéd, Data may be re-

corded initially on these shects, and later transcrided in the preper

.
™

" format onto IBM data sheets.

sample workshzels, Zach separate cection of a dréwing breakdown may be
assigned a nunber (i) o avoid duolicétion or omissicn of parts, This
nunber is not entered as data. The siznificance of each pzrameter symbol
used is defined in the skelc h‘ of each geometrical-shépa in seétions 3002,
3010, and 30,20, Units uscd nvst bp consistent, i.e., linear dinensions
in iﬁdhes, density in lb/cu.in° Half angles are entered in degrees,

.conversion to radians being pecformed by the progresi, Direction nurbars

2, b, ¢ refer wifornly to the Y pri reipal axd s, taken as the axis of

<
o)
=
=
<
fJ
o
3
A"y
e
®
=
o
5]
@
Y
>
e
¢
cr
0
o

S . 103
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SAMPLE WORKSHEET

DESCRIPTION

Section %
Formula N 124 |
Density P X
Locations Y X
Location X X
Location z X
Direction - a X
Direction b X
Direction d x
Large Radius R X
Small Radius r X .
Inside Radius r T
Height H
Dimension B
Dimension A -
Half Angle «
Direction d
Direction e
Direction f
No. of Cards M 1
Sub Group K -

X Indicates Required Input

107
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Direction e
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‘ Trou; X
1 Indicatzs required dinpub .
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tral Data Write-Up ' : . . S :

When every part of the engine or component has been entered nn the workshéets,

datza nmust be t.unacribod onto FORTAAH FIXED 10 DICTL DECTMAL DATA fornas as

shown on the enclosed gample page. The first cara fér each case must contain ‘ .
a description of tho case belng anuly d, This identificatiog i3 printed

with the computed results. This card must have a "17 in.column onay -
the descripiive material in columns 2 £hru 72 being otherwise aroitrc"*o"

Individual4sections will reqﬁire at most two data~carééo Tﬁc'input :1::‘0(35;(32".~
M cenotes the number of cards required in cach in stance. The First card of . - v
ihe final entry for each case is aen)tvc by °I"7 in Colm“n one (J), which lg
#ise left blank, .Onﬂ °ub«10;el of breakdown has boen providodg‘honca

cach entry must be asslenad an Integer (}) to c'"" 15y 1t 2s 2 member of a sv -

particlar swo~grouding. All itcms essigned the sams valus of X will be
. " : . " LI " B ©
coxvined, and thelr composite weight, C.G., ahd inertla va lues p- vede Tha. . . '

valuz of £ must n2ver be zerc or blanke In the ev ent no sub-grouping is . .

-

cesired, a valug of X=1 shm 1d be assigned cacn cnzry;;,;

v e

red formula number of the particular shape assvned for each entry
is entered as an integer in columns ~5 of the first u“tﬂ Cfrd' ALl ctheu ' )
dats is placed in the format shewa on the sample P2 ges Do»tcd lines shov

tre position assurned for tho decimal Dointg"ﬁata not conforming to this

format zmay e entered with a written decimal point (occupying one coluun) .

¢ forzat of the sccond card is as shown on the sample. Vhen using formula

Tre T
o0 {nlscellavcous shapes not included ia the program), the second card has .

tue zpeelal format shown, Multiple cases ray be ruvn at the same time p“ovidcd

that all the above rles ard follewed., Data cards.must 21l 2 numkered
coquaniially, ALY jobs should be rcfcrr:d to the Unly Prograner Lelore ' fZ

" :
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FORULA 01 (Cont'd.)

Delta values in common'rpference axis systcmz__
AY = X%y + (1 -2%) dx
AX =420 + (1 -p®) 2% |
Az = ST + (@ -d%) 9x

4. NP - A
Input czta reguired:

n = 01 Formula no. . ' S L
~ ~Density : : :
“r -\ ' - = -
v ) CL
x Centroid A R .
'z * Tem .
a
b Direction nos,y Y axis
¢ ° : - S : _
R 1ter radius
T Ingide radius
H Length
mo=1 ‘0, of cards
. ~¥

115



30.22.01

5

et

FORNULY 02 . HOLLOW TORUS

e R

Direct-i_én mm‘o‘ers of ¥ auist a; Db, c 1
- 5

et K = 27(%0R, D= [ae 212 2]
Weight o o oo o a e a oo e e oW ® K (2 mrf)_,'ﬂ
Dircction cosines of Y axis with reference axes:

A= a/d, M= b, =
Center of gravity:. :

Yomy Eexr o Fep
Delia values in principal axis system: .

oY = -1432 + 0,754 (l‘h' - fj;h) ‘

Sx v 2% w 0.5 ¢ 0625 K ek - 2

. 16

——



FORMULA 02 (Cont'd.)

Delta values in ccummon refercnce axds systen:

AY =A%y + (1 c.Az):b:c

AX

AZ n’(SQDY

Input data reguired:

=

MR B0 O R K<Y

fal
g He
- )

02

S HA2Y 4 (1 -u®)dx
O.méz)ax

Dircction nos.;

Radius of torus

Outer radius
Inner radius

No., of cards

o &)

-~

30622,02

- A

117



30.23.00

R . “ .
. TR T
At

FORMUIA 03 ' ' SOLID SFHERT et

.welghto'oéocoooooooooo 'W"’J,/S?TPR

o <

Center of Cravity: Af v '}/ » %X wmX 5

)
R S
U

Deltz velues in principal axis systems
2Y DX = D 2%
Ys QX 202 = 0 wRT
Delta® values in common reference axis systems

4Y =dY AX =3X | Az =3z

Density
Centrold |

" Radius

118



30,210,021

-

. FORMUIA Ol OUTER HALF « TOJS, SOLID

Dircction mumbers of ¥ axis: a, by, ¢
Clet X =/-’7('r2 P Da [a? +r ‘o2 < cej ’ R

——¥eightt ¢ o o076 o 0 -ra—.;'i; o e e e e W = K [h/:% @ ﬂr‘] e

Directizn cosines of ¥ ax:.s wif’n refercnce a:éés ‘

Ne o, o pmwp, e op

Delta velues in principal axis systenm

TRB o+ L,:»zzr + 0,757 Rr” &+ 8/1% rB]

3

119



FO2UTA O (Cent'd,)

Delta valuves in the common reference axis system:
AY = X%dY + (1 -)\®)dx
2 . 2 :
AX = 8oy 4+ (L -uf)ox

-

AZ =82y + (1_152)83:'_ : ' R |

Input data reguired:

n = 0L
~ Density o L e
y_ B o . . . . ' ) ]
X Centroid , - Ce
z ) . . ' ! .
a : ,
D Direction Wos. = Y axis _

e . .
R Radius to &
x Section radius
nel No., of cards o o . G

A ~

120



. FORMULA 05

(“'r e

INWER HALF-TORUS, SOLID

ru

e

30.25.01

23
3

(__/‘
-~
>¢

A

s for this configuration are computed by decucting the

(Formula OL) from the full torus (Formula 02) valucs,

N o= 05 . Formula mumber
M o= 1 Nurber of cards 7
. . . . -
Yy X, 2 Iocation of geometrical center on ¥ axis:

a, b, ¢ Direction mumbers, ¥ axis
. [ 3

R .Radius to (‘c of torus

r Redius of sectlion

¥



FORIULA 07

OUTER HALF -~ TCROILAL SHELL

©30,27.01

N

Vs X5 2
~
a, b, ¢

.cenfiguration are determined

“Tr‘ \.’

-

[/i“//“/

«

Formula nurber

Number of cards
-3

Location of geomeirical center on ¥

Density

Direction munbers of Y eixis

Outer radivs of sac¢ciion

Inner radivs of section

& by deducting the so

(Formula 04) frem the solid halfetorus of radius r (Formula Ch).

b
o
o



FOR{UIA 101

NAR 50340
Poge 28

30,101.01

TYPE IT

-7 " FRUSTRUM OF SOLID CON:

e+ Y

Direction nurbers of Y axis: a,; b, ¢

r .
2 <
Defines D = lﬂa2 + v c2] =

Q

=]

L

.
R™ + Re + r°

(R -x) /R

2
A&xb’3u.+3

3 L, L. .3 2 - .
- (A7 e BA”T 4+ J0AT - 204
50 1 ¢ 5 L . ?)

"'i'é“ [OJH (627 = 154 « 10) = 0.0525 (3,-&2 - 8X .+ 6)2]

‘r.’cight: o e o 6 ¢ o o6 0 0 o W "/JK'KH/B
. . .

H,o2 . 2
a. " 1K (RC + 2Ry + 3v°)

123



J.L.-“’L-

30,101.02

TORMUIA 101(Cont'd.)

Direction cosines of Y axis with referconce sxcs:
A= a/D A= b/ = e

Center of gravity:

¥y o= v+sh , X = X+ sM, Z = 245U
Delta values in principal ads system: '
3w RS - rs
DY = =
.- 10 3 3
R e I
DX = 0Z = w[PRz “ Qﬂej
Pelta values in the common reference axis sysiem:
2 2
AY =2°23Y + (1-)7) ox
X = M23Y + (1 -pf) DX
Az =423y + (1.5%) ox
Input data required:
n = 101 )
r Density . ) © .
y
X Center of large base
2 : )
2 . _ .
b Direction nunbers of ¥ axis in sense showm
¢ ' : o o
R Radius ~ large bass : : .
r Radivs - small base
E Height :
mel No, of cards

-/

L~

<4



30,102.CL

FORNUIA 102 OUTSIDE FILLET OFf REVOLUTION

(v %,2) =

Directlon numbers of Y axis: a,

b, ¢ Lo
: ' 2 2 o[t
Definz: D = {:a + b 4 cJ‘_
K = /Jr2 '

Wei&;h‘b: 6 o e 6 0 0 W - X [1°3h838323 < 00301185751']

t oo (/i) [LONTI9T6R + 0.26179935z ]

8 ®= 1 ot

Divection cosines of Y axis with reference

3

2888

Y TP S e ofd



TomUIA 302 (Conttd.)

Center of gravity:

¥ u y+As X = x+pMs | z = z+7U s -
. o ‘ , ]

N . .. B I\

Delta values in principal axis systems :

Y = K [1,,32;8383233 + 0,50355662%r + 0, thh?l;th? + 09055835‘6821}]

Lo

X =927 w 0,53Y + Kr

Dolta values in commen reference axis systeu:. _

. _ , | 4 . .
AT0Y + (1 -0 %X _ .
AL = 4A70Y + (1 ‘./f) dX

Az =023y « (1 -dY) D1

|4

AY

Input data reguired:
no"o 02 ‘e _ ) .
I Densily :
Y
> Center of base
2
a .
o Direction nunbzrs of ¥ axis in the sexse showm
. c . -
R arge radius
T Fillet radius _
n No. of cards S PR

g
S



b
Y

rOVULA 103 INSIDZ FILLZT OF REVOLUTION

(Y)%,Z)

U - ke

2N

———y .-é. B e ]

Direction numbers of Y axis: 2, b, ¢ S
N b
. 2 o 2%

Define: D = [a + DS ot 7

K = r 1*2

) Weight: o o .e ¢ 6 6 0o ¢ W @ X E103h838323 * 1"01:719761::7
A % [0,301185759. . -00251799391"]

Dircction cosines of Y axis with reference axess

A= afn, e o/, S e o/
Center of gravity:
?:: v Y"’})S X w X +Me z o :’,{r"S{;’

30,102,01



30,103.02

L)
.
.

FORMUIA - 103(Cont'd.)

Delta vzﬂues in princi;;al axis systent
. . . R . . . . . 2 . .
2Y = X [1.31.'8383233 4 3.,11115'927321' + 2.58208.3831‘ + 007330302%33
: o ) . , ,
DX =202 = 0.,59Y + Kr2 [0.111:582983 + 00101171970121. - W3
Delta values in common reference axis system: A
AY = Q%oy + (1 =27 dx
Ax = APy« (1 -p) Dx
Az ‘='=525Y + (1-»{)'2)8}: ' -

Input cata regquired:

)

no= 303

e ©  Density

y

X } Center of base

Z

a ' .

b } Dircction musbers of ¥ exis in the sense showm

c . _

R large radius S ‘
r Fillet radius L . o

w1 .No, of cards

128



FORMUIA 104

'~

30,104,01

Ll

SOLTD SPHERICAL SZGMENT - 2 BASES

Direccvion nunbers

LY
Define: D
X

‘!Clgh‘v: o o o o W

Direction cosines

A"‘ Q/D»

of Y axis:

t

- . . e 4 Y

"'"B"“"““H'“’" )] _

| -
-

I

A /,////

!

a, by c.
r A
& L32.+b2+02] #

=7pPH : o . S
K [RQ ~1/3 (33° 4 35 + }12_)] o

K 2 ’ 2 - '
= ;—q—-[ R°(B + 0,5H) - 23 . 1.5 BH - an - 002553]

nth . . | . ' .’ &

of Y axis with refeoronce axess

/“!“’b/Do 'J"C/D

429



30,10L,02

FORULA 10k (Contta,)

Center of gravity:

§ w y+ks : X ®. x +AS : z = Z*ds

Delta values in principal axis system:

2.2 I

oY = 0,5X [Rh + Bh + 2B + 2B5%HZ 4 BHO + 0,26 - 2?.2/3 (332 + 3B4

Bx=aznx[02ﬂ +2/o(*“2 :H+H)»O7>B (u + 25°H + 284 + K

. e 0,155 ‘} vt -

Y ;AQay_+ (1 -)\%) ox%
¢! ../..'.2) 3 X

(1-87%) dx

Y +
DY+

D

Density

~%

Center of larger base

Direction numbers of Y. axis in the sense shown

Radius of sphere
Distanca « center of
Height of sezment
No. of cards

sphere to large base

HMYTo 0B a X

8
™

. H?‘)-I

3)‘

130
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B TR

e 30,0501

Forrmula 103 - SOLID KEXISFHIRE |
(Special case of formula 10L)

Direction mubers of ¥ axis: &, by ¢
Define: D= [az +b? o CQJ g
: 3
. L2ALrR
Viedlghts, o o Wi TR
3R, :
s=_08

Direction cosines of ¥ axis with reference axes:
s a/p, Mnv/D, S wo/p
Center of gravity: ' '

—

v = y4'>\89 .J.C. @ x<+/.l,.§& v a g I"'JS

L 131



30,103.0%

- A

FORULA 105 (Conttd.)

Delta values in principal axls systenm:
. . )
0Y = 0. wR

. 2 o - ! -
DX =VZ = 0,259375 WR SRR

Delta values in common reference axis systems

AY = X°3Y + (1 -)%) dx
AX e 420y« (1 ap®) dx “
Az =$%y « @Q-$Hoox

Input data required: o 3

no= 05
P Density
y } -
b Cenver of sphore
" ! :
s . : .
b } Direction mumbers of Y &asds in senss shown
. :
R Radius
noe 1 No, of cards

s

e
X
™



AL -
 Formwulz 1C6 Outer Quarter of Solid Torus
" A
ol R

(Y, % 2) /Pg/h
| |

Tircetion nusbers of Y axis: a, by, ¢ = .

' Define: D = [52—_.4 b2+4 c2] 3
K = 0,571
Weight:  w =X (AR« Lky/3)
5 = r(SR' + 3r)

2(370 + Ly
Dircetion cosines of Y axds with refercnce axes:

A= a/D , A= b/D ,Ju c/D

Center of gra\;ity:
§ny+}.5 ’Szux#/,{s ’.z‘ﬂ'z-ﬁ-“.gs.
~Delf,a valucs in principal axds system: :
oY = x[m’ 23 + LR%r + 07577 R x2 + 8 r3/3.5_] |
PR =2 0.537+ K 12 (0.257R + Lr/15) - ws®
Delta values in common reference axls systen - _ .

Ay =377 o+ (1= N) dx
X ‘-’-‘-/425\[’ + <‘“/4z) oX
A% = 750 4 (1S7) X

30,106,01

.33



-

Input data required:

n = 105

P NGILa

o 0 c‘j 3 N'<<:}

n=l

[ 3 T DN,

Formula 105 (cont'q)

density
center of torus

direction numbers of Y axis
in the scnse shown

Radius of torus
Radius of secuicn

No. of cards

ey

30,105.C2



30.107.01
FRUSTRUM OF KOLLGW COWE

FOULA 107

S |

J

,&°4°§/

;E

v =\

Iy %z //// . | o _

| . ' H T

Direction rumbers of ¥ axisi a5 by C
R
Define: . D = [aQ » b7 CQ-J )
,Ul - R.b r
.0t e P e ri
q = v/l
E u'ﬂ/o‘t
K. u E(2R - t)
kz ta 25U1'
K, = JE
3 SE/q ' . : L
Xh - .'2;:3/q‘ . ‘ L . _ 235
Velghtonecaoo W o FH (R wy) o |



*eULA 107 (Conttd,)

s = H/3 | =2
2nl o A2

B @& R «gs

u2 2 RQNI‘Q

Au 3
u3 Rmr3

y, o R

Directicn cosines of Y axds with réfcfegce axes:
Ag.a/D ' ; /‘Am b/D

Center of gravity: :

Y =y + As I :'Em.x+//.s

- Delta falﬁFs in principal axis systems |

Y = x3 [uh'., 2tuy 2P, tB&.L] |

N . . s
DI w.97 = 0°53Y+Kh [0‘5‘ - B+t

.113

30,107.02

+5 (B« t)u2 « B%tu

1

\

136



\4

300107 00:)

|
'

Tarmda 107 (contd)

Delta values in cemron reference axis systcms : '

AX

AZ

AY =

[~ 4

[

i
R

nel

/

DA

A2y e (1 -A)dx
Py o+ (1 -p® 0 |
62DY'+(IQ6?)BX
requireds ~ '
107
Density

Center of large base

Direction mushers of Y axis in sense shouwn

Cuter radivs - large base
Outer 1adlus « small baco
Inner radius - small base

Helght

Noe of cardds



'
i

30,103.01

FORMUIA 108
AVWUIAR FRUSTRUM - CYIINDRICAL HOLE

(Special Case of Formula 111)

: ; | ::
l 1
P’
| | .
[ A | SR D’ e e,
/ T
(7~
‘Direction numbers of ¥ axis: a, b, ¢ =

\

Reference point (y, X, 2) must be chosen such that the larger base is
at the reference point. The + ¥ direction rust go toward the body, as

-

Values for weight, C. G., and moments of inertia are obtained by treating
this configuration as a solid frustrum minus an inner solid cylinder.
Use is madz of Formulas 101 and 01, Results -are combined in the standard

fzashion,



' 30,108.02 .

FORMULA 108 -~ AMNULAR FRUSTRUH - CYLIMDRICAL EOLE (Cont'd,)

Input data required:

. ]
mno= 1 no., of.cards %
n = 108 TFormula number Lo

x coordinates of reference point

/P density S .. p

a ,

b direcvion numbers of ¥ axis In sense shown.

c

R Max, oube radiué,

r Min. outer radius

r Irner radius (of hole) _: s . ' t

H Axial length

. ) -3

133



1

30,109.01

FORMULA 109
ANNULAR CYLTNDER = CONICAL HOIE

(Special Cass of Formula 111) _ . ' |

> S~

]
N
AN

-~

N .

—
H \

! J{J:
. t : ol .
\?. S;; — '}w- ' Y. - '.—.—_...mf..-n..

e

Direction nunbers of ¥ axis: a, b, ¢
Reference point (y, x, 2z) must be chosen so that the larger inner radius

is at the reference point., Tha positive Y dirsgtion must go toward the

Values for weight, C. G., and moments of inertia are obtained by treating.

the configuration as a solid cylinder minus a solid frustrum, using

ey

Formulas 0 and 101, Results ars combined in the standard fashion for

composite shapes,

140



FORULA 109 = ANNVULAR CYLINDER - CONTICAL HOLS

X coordinates locatin

jog
‘o

/2 density

a
b direction nurbers of « ¥ axdis
c

R outer radius

r larger inside radius

ri sraller inside radius

H axial lengtih

(Conttd,)

center of small base’

30,109.02

c
.
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30,110.01

FORTULA 110

TRAPEZOID OF REVOLUTION

(Parallel sides parallel to axis of revoluticn) I

S

! 4

| N

| i

i ./\( '

| |

Lo L4 _— —
VR -

=]
(y, x, 2) is located on the y axis, with y in a-

PR IPORCH I Sk
Identifying poi
.

4
chk

b

normal plane thru the upper left corner of the section, as shown in

4 s

the sketcho
Direction mubers of Y axds: 2, b, ¢

The distance H is measured in the + ¥ direction, from the upzer lelt

corner to the Jover right corner of tho trapzeolid; l.e., H can bs

negative, as shown-in Sketch (b,

142
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30,110,02

(COﬁ"&'do)

T
Nl

Tio

EVOLI

R

b
9
-

701D O

o,

-
=
4 A

TRA

A 110 -

~ e
" U
o

“
-

143

>o

Y

n of two
red in the

vio

3

ormulas 01 and

na

o,
1N -
end corb

c CGC

&l
ted

he frusiruns are added o
'.L

m

4
yp2 of tra

algeor

v

s of inertia Tor this configuration.
<+

igurations

\

s
v

ion are compu
ies,

particular
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Sketch (b) .
P

te bod

s

and momeén

L

s

cacn sec

h

o solid frustruns,

by the

s for traopezoldal coni
or

n

ce pol

Releren
101. -




30.110.03
FORMULA 120 - TRAFEZOID OF REVOLUTION (Cont'd,)

Input cdata required:

m o= 2 no, of cards-
n = 110 ‘formla nmumber : S e

y . . . " - ’ | i ’ .:

x coordinates of reference point

.;O' density

a i ;
b direction numbers, ¥ axis
¢
R outer radius
r inner radius
H axial distance = upper left corner to lower right corner
B axial-length = inner base
.4 axial lengih - outer base T RO

o . 144



30,111,01

FORMUZA 1311
77" TRAPEZ(OID OF REVOLUTION

s Normal to Axis of Ravolution)

-
ke’

t
D
4 4
i
i
A=/

Lt omm DU+ e o e e

-

Direction rambers of Y axis: a, b, ¢

- Cthey input &

m

ta {sece skeitch):

PR, vy A, B, B (Positive or negative, méasured as length NL = O0K)

vd

1

2

Define D = (=2 + 2 + q2)

Direction cosincs of Y axis with reference axes:

Ao afp  Me v 3 oo/

145



Ay

FORMULA 111 - TAas::oxd of Revolutlon (Cont'd.)

(1) Vnen H is

3

Ry = R a, =& y, =Y
® & u = - =3
ry R bl b % X |
c. = ¢ n, = 3z
1 1
Usirg Formula 101, compute LAY yl, fl, Elg /lYl, J&Xl, AL
(2) Vhen H is positive, let
‘R, = R+ H 2 LR I = - XA
1 1 "1
r. = R by = =b X, = x v MA
s 1 1 A
e, = e ' Zl, o z+Sh
Using Feormula 1C1, conpute Hl; §l’ il’ gl’ Zle, Ale,AA'_
() Re“ﬁrse sign_of density, compute and store results for innmex
rustrun OMN  wsing Formula 101:
Lt O = =f, P = ReM-3, Hy = A
(1) Vhen P is less thza or cqual to ¥, lad
Rp » @ - "V 7Y
¥p ° F b =P g %
C2 w2 C 22 £1 z
Usinz Formula 1011, ceuputa V,-_, y29 12, :-,29 é12, A:'Z’A*.’Z"’

o

]

Pl
Al

1

veight, Co G., and delta values for this confl

the use of the solid frusirum eq

zero or nezative, led

/

/ T " .

aar

30.111.02

ation are

wtions as followse

e and store results for outer frustrwn OKLY 51ng Formula 10
A TV CI .

©



30,111.03 .
FORUIA 111 « Trapezoid of Revolution (Cont¥d.) '

(2) Vhea P is gréater than r, ot .

i' R2 a P g i a2 B wp yz . 'u vy +AA
r, ©r b2 @ «b .. X, = X + MUA
¢, = =¢ 'z, ® 2 + S A

AZ

Using Formula 101, gofnpute ¥ Y5 5':’2, 52,. AY2, AKZ.’ e

(¢} Cenbine frusirums:

M = ViYy + w2y2
Q= 's;l:?l * Wy,
M = wiEy o+ iz,
Veight W = wl W,
CoGo v o= YA
X e XMA
g oe M h .
o 2 -
=2 .2 : -2 0
D w2s L v b N . T <
el AY. -;. Ei N +_zi)+A'i:' ‘Y (x° + 29)
i=1 | ' |
T | |
o .y el 2 - 2 N . -o2 :2
A X E [wi (yi +“i)+[_\,ci] - W (7 <+ 2°)
1=1 - A '
‘ 2 - | : |
| a ; 'r 2 24'.' =2 ‘ Lo 2 ‘

3 oe )
| 247



30,111-04
. b |
FORMUIA 111 - Trapczoid of Revolution {Conttd.)
‘Input data .requil_‘ed: - | ‘. ) o , ©
now 2 .‘ noe, of cards. : .; ‘ oo
n = 111 | Formpla number '
y . .
x coordina‘tés loéating center of one base (refercnce)
/° degsi*ty R . -:; P o
T a ' e .
) b direction 'mmbers of axis of revolution with sense shown, N
‘_ . : : :
R Quter re.dius\m reference base ‘
¥ 'Innéf rac‘{ius-a- reference base : |
K Cuter raciius ‘oi‘ opposite base minus R (+ bﬁ w‘)‘
B Height of opposite base , | | » '
. A Axial length (betwesen parallel sides) -
g : 148
) . , . , : ; ;




FORIUIA 112

TUNER QUARTER OF SOLTID TORUS

30.112,01

th—-—-—--‘o—————-—.Cm

v | S

e

_ I
oS

-~
“
a

23

educting an outside fillet cof

Qrmg.&_Ol)e

-

Location of geometrical center of torus on Y axis

Results for this confisuration are obiained by
revoluticn (Formula 102) from a hollow leinder (
Input dai; reguired:

N = 112 Formula number

M ow 1 Number of cards
Y X, 2
/5 Density
2, b, ¢ Direction mumbers of Y aiig -

R Radius to (E of toruz

r Radius of secction



30,113.01
FORUTA 113 ' :

CINWIR QUARTFR = TOROIDAL SHELL |
14 | 7
I . //////
r L‘_ 4

l

~

{ - : 1Y

nis confizuration avre .obiaincd by e

£
ot
ol

ucting the solid guarter-

0
xS

torus of redius r,.(Formula '112) from a solid quarter~torus of radius r

Irput data required:

N e 113 Forrla nurr.ber_ -

K o= 1 Nuzmber of cards

¥y X, 2 locatien 61‘ geometrical' 6f_‘§or’us on Y-axis
/° B Density |

a, b, ¢ Direction nunbers of Y axls
. A

R Radius to torus a.

r . Cuter section radius

Inncr sectlon radius



30.114.01

FORMULA 114

ECLLOY SPHT.ICnu SEGMENT

~e) g V.2 Fa R JCa TR T LR Al o . T maad
Results . Tor this configuration arc obtained by deducting the inner spherical

scoment of redius r (Formula 1CL) from the outer spherical VC”“cnt cf radius R

(Fermala 1Ch).

Input cata required:

. -
o= 12 Formula number T
o= - Kueber éf cards '

Yy X5 Location of center, large base - '
2 Density ’

a, b, ¢ . Direction numbars of Y axis, in sense shown

R " Outer spherical radius

r . Taner spherical rading

r Distance, center of sphere to lirge baso



30,115.01

- FORMUTA 115

{ ety

75T

Results Tor this configuration are obizined by deducting the eolid quarier torus:

of radius r, (Formula 108) from the solid.quarter torus of radius r (Formula 1C5).
l .

N o= 115 Formwla rwbcr _ R ) o
¥o= 1 Kunbver of cards .
4 T I_ m~e d 3 t “— g‘-. Y N b
Vs X508 ccztion of torus L on Y axis
/° Density
2, b, ¢ . Direction numbers of ¥ axis
R Radius to torus q
(= he
r Outer tion radius
ry T "Inner scction radius

152



FORULA 116

Axtal Scmment of a Solid Torus:

i

30.116.01

'o<-Hé 2.

lone e
H

. N ,(”*%' - Seao +§’
(¥ 7)v :
Divection rortters of Y axis: 2, b, ¢
Delinet
]
3
D = (a2 + b+ cd)
h = H «n» “a
. -1 4\[:5' ']2
W= Tan | S L
4] s
(o un g
-y E - 2
Ll = 5 T:I'Q 2y
w» - 2 3fr‘
o. .= 2 Sin’<(
3
If hZ0: Ey =70 - .5 (24 « 8in 20 )
If h £ O:: E, = 5 (202 =8in2ct).
Veight: W e LE -

,132 »
S = E3I‘/ (31’;2)'

Direction cocinas of ¥ axis with xrefercnce axest

Ao oab, P2 N

2 o e/D

153



30,116,02

SoEUIA 115 (Conttd,)

Dalita veluec in cormon reference axis sysienms -
AY = AZDy o+ (1 -0%) dx

- 2

oY 4+ (1 -47) DX

. i
3Y + (1 -3°) ox

o= 116 Formula munber

Moo= 1 Nusher of cards

"

o N -
e Ceometrical center of torus

z

L Dengity'

o

o o
N

Direction numbers, Y axdis ’ ' '

¢

Racdius to0 torus sccticn QL

vy

» Radius of scciion
v T3 PR
bod Height of cagment



30.127.01

- FORUIA 117

Axial Sezment of Hollow

S

(nme)< 5‘3'('.""‘"“/‘-4‘)

RS |
j . '\ { Sea Y
~/ P ’

(?)3)})”Vd j

he - A~ P N ] R e T S A N e N ' S

Femulis for tris configuraticon are cbiained by dedveiing the inner solid
PRV Taveras [4 Loy rom - n ot S o~ o

seovent (Fonrula 115) from the totel solid segment (Pormula 116).

‘N o= 117 Fermula muober

M o= 1 Nurber of cards "

¥, }, A 4 Gconetrical.éentcr'of torus

IS ‘ Density

a, b, ¢ . Direction numbers, Y axis

R Racius to torus section ¢ '

r Quter radivs of section

Ty Inner rgdius'of scebion

ﬁ: Heighv of segment - ‘ -

155



20,118.01

FORULIA 113

Colid Torus

e

¥
o.{

v - Loy - o -

Lirection muders of Y axist 2, by ¢
A PLX

Tefire

-1
o
[a%]
—~

v
s
=
N

(4

N

]

[

™

o3
U
-4
-3

| SO |

‘n
]
"
=

e
:9
)

[av]

t

’..I

L

by
w

15 R

. = 70 = o5 (262 « 8in 2¢8 )

If h2
0 2

+-4
L&)
jo g
A
o
)

AP v - )
o L,‘:.;“.r‘.t: (1 = e :Jl (SE ~ I:JB)

; 136
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30.113.02

POITULA 113 (Conttd,) .
Tiwmceiicn cesines of Y axis with refercence axess

.

At [P O N el gt e -3 -
Lol VZAUSS LN TTLNCITAL aXas S}’St&‘-‘.:

2Y = E. ‘_; (bag + 3r2) + E3 (6032 -~ LSEn + 12n° + Srgz}

n o= 118 Formula nusbar

¥oe 17 : Number of cards A
¥y X, 2 Geeretrical conter of {torus

/O Density-

2, b, ¢ Directicn rnumbers, Y axis

R ' Pacius- to torus séction ¢L '

r .. -Radius of secticn

H Eeiznt of pegnont )



Rzéiz] Segment

FORMULA 119

of Hollow Torus

i P

30,119.01

<
\ 1
2
P
~s 3,
(r,gx)/)(/ l
Re:vits for this confizuration are obizined by deducting ihe inner solid
segovnt (Forrula 128) from the totel solid sepment (Formulz 118),
Inmuet Zate Fequired: '
K = 119 Formula nurmber
-
Xoe 1 - Rumber of cards '
Vi X, 2 Geometrical center of torus
it
7 Density
a, b, ¢ Direction numbers, Y axis .

| a

Padius to torus

.
Outer radius of cscction
Inner radivs of

Height of scgment -

158



30.120.0L

FORMULA 120

RADIAL SECTOR OF SOLID TORUS- -~ . = . . .

) \
R
- Ub’» “32) |
Direction nusbers of Y asxdss g, by ¢
‘ - )
Definet D = Exz b2 +c?] “
‘ ?7== 13_7(/180 rmedlan line angle, radians
T e FA/350 sector half-angle, radiang
K = 290 2% | |
Ol 8 ? O

El w Cos €, = Cos CL

tx3
[b]
g

Sin 82 n Sin G-:L

159



30.120,02

Tormula 120 {Cont'd.)

= Hsin? B, - Sin? o))

wtf]

5, = X(Sin 0y Cos 6, =~ Sin € Cos &) ;
ES = 1/3 (Cos3 02 = Cos3 €1)

~Defines Gy = 0.75 (cg = Eh) )
Gy = 0.2 (Eg = Ep)
(}3. B of uz}“ E ..
4 . ' - - S
u 5 1R (ez + ) « 28, sl . - : » -
Gy 0.25 |R (ez RAREEY S ‘ -

G6 m e d Oo?-' B5 .

"Direction cosines of Y axds with reference axess
A= 2/D PZLR Y/ R d ‘_‘,¢/D_ e .7

-~

Center of gravity: Ca . L o
y 27t Asy X om oxt pmsg F wzg+do
Delta valves in principal axis systeas Y

3Y = X E:R3 - EjR% + GyR2? ¢ G.ZZ‘S]'

2] © 2O -‘:" < s » v +2 3 ‘
oX YA 0.5 9% K [03 G cgé 4 061’]

180



FORMULA 120 (CONT!D),

Delta values in common reference axds systens

= A23T + (1 -)0%) vx

1A% 4

AX

mH< g

"2

u

QO oP
N,

s M2DY
= D 2Dy

+ (1 -u?) 2%
+ (1 -02) 0%

Formula number

‘Humber of cards

Ceometrical center of torus

.

Density

.

Direction mumbers, ¥ axls

Radivs to torus ssetion

Section radivg = - .

Sector median linc angwlar position (degrees)

-

Ansular width of sector, (deg
S 8 .

30,120,03



FORMULA 121

2adial Sector of a Hollow Torus

30,121.0%

”»,

=

>

|3

retion are obtainzd by d

COWfiru
la 120) with section radius r

Formuja;ﬁﬁmber“

Nurber of cards
Geometrical center of torus
Densitj

Direculon nwbers, ¥ ;xls

Radiuaz {2 torus scction

educting *ne inner solid’
the uOuRl uojil

s
SCC woy



e N . . . - RN . RN
L Lt . e P - Lo

Gl

FORMULA 122

" AXTAL SEZOMENT of HOLLOYW ELLIPTICAL SPHEROIDS . -
(Generated by Concentric Rllipses with Semi-axes R, r and R-t, ret) ..

""" T“"f*'_'““‘?“'--mﬂr ,1t L H=E >
R i } |
| |
AR S —+Y
7
';_‘%,s.‘a.

Direction numbers-of Y axds: a; by c.
G=R-t. i S M= e/Er
C=r~H . = - "N=PRr
F=r-%t = CJER+G
L=H~t = . ',K".Hz"*N?'

Corpute:

= (& + 6)(R - C)
(N M)~ 1) 4 — i
(2% +FC v cf/3 L :

< o
K

]

!
—

AR

* Note: This conflizuration dozs not have a constant shell thickness,

.

. . . . . ..
. ¢ . . ’ ‘ . R - N
. . ?’,-' - . L _ . L R . L R - K
. . » .. L e ¥
' s . L N Y DR . e
N ., . P . .
. .

Ay
T,



FOLUTA 122 (co"“d)

= (? s xF “‘2)/3~

a c + F202 + FC3 + cb)

&3]
(2%

L
\V3)
¥
(@]
~N
-
h

Q]
foud

éc’/‘fhfo (L("PC) [/D-U(jPC)] . , ,
vt (7 . r) 2 _ \I .\ ):] ? : A -

Direction cosines of Y axis with reference axes: - .: e T R
N . ‘ . . B ) R . , P °
A = 2/d S = v/d . © =_‘c/d:- i

. " ’ ° . R '...-. . -t

Center of gr auty-

FEy+tXs . Ai“x'+/<s" - Z =z +ds

gilta values in principai axis sysiems , A
Y = 0.5 77 P.R° + - KP. - Qi oL

DX .05 DY ¢ TP + Q) e+ )E



. V-

e

: . Ea 0 7e7300122.03 -
FOAMUIA 122 (con%'d) ) e
Delta valuces in common reference axis Systgmle;ﬂ.“. o Lo e T
AYx NoY + (l"A)aX...' T S AT A S PR v
AX o= AT Y (- RT)OX e T T e e P :

2. 2 B T I s T
AZ=S Y+ (@ -F)x Tl e e T et
Inpul cdata regquired: " L . 7  ;' _

n Formula Number =122 . . a0 L
® Number of cards = -1 ‘ b Direction No's. Y axis .
C.- .
- TS : - - ) e,
T o f' R~ Outer semi-major.exds 77,
X Geom. center - open end - : ‘
J

r  -Outer seni-minor axis
-t % | Thickness

: : H Joded helgat of se

. - . . '°
. N . ) .
.« N . . . * ‘
] Bl .
. . oLt - - .
. ;. - ". B .
B4 - ° ’ hid
g
-1
. i .. . .
.'.'-/ . * :‘ ’ . i
! ’. ° ) "
¥ . ’ )
- :', . . .
Entered in location usually denoted.ri on data sheet - .0 - .
i ¥ ’
0 > -
H . . . .
! ;
‘ i . S .
‘,.. J : |:' -
DTN ; LAB5
§ y e . o
. L - e . . : A .
Ay . . . . .ot Lo
W :



.

30.124.01

5-7-69
FORMULA 124 . SOLID HALF ELLIPSE
+X
R>r
X,Y,2
\\\s +Y
7N
R
]
S
> <
Y 7 °
'DIRECTION NUMBERS OF Y AXIS: a, b, ¢ B
1/2
DEFINE: D= (a2 + b2 + c2)
)
WEIGHT: W=2/3mpR'r
ELEMENT CENTER OF GRAVITY: S = 0.375r
DIRECTION COSINES OF Y AXIS WITH REFERENCE AXIS:
A = a/D , ¥ = b/D . S = ¢/D
CENTER OF GRAVITY:
y=1y+ s , X =2x+ us , Z =2+ 8s
166



30.124.02
5-7-69

FORMULA 124 (cont)

DELTA VALUES IN PRINCIPAL AXIS SYSTEM:

§y = 0.4WR> , 6x = 6z = W/320(64R°+19r2)

DELTA VALUES IN COMMON REFERENCE AXIS SYSTEM:

by = 225y + (1-2%)6x
Ax = u26y + (1-u2)6x
rz = 825y + (1-8%)6x

INPUT DATA REQUIRED:

1 number of cards

=4
]

124 TFormula number

=4
n

K = Subgroup

R Major semi-axis
X Center of base r Minor semi-axis
z
p Density
a
b Direction numbers of Y Q§is
(See figure)

167



, N HU LY
e _ Pare 50

30.,201.0L

‘.

SECTOR OF HOLLCY TORUS

+E

rY

Direction murlers.of Y axis (parallel to axis of revoluticn): 2, b, ¢

Direction numbers of X axis (thru center of revolution and C.Ge of sector):

¢, ¢; T -
Jireciion nurters of Z axis